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PRESSURE-TEMPERATURE DIAGRAMS FOR BINARY 
SYSTEMS 


BY WILDER D. BANCROFT 


The first complete pressure-temperature diagram was given 
about a year ago by van’t Hoff;' but he did not put in the 
curves for the partial pressures. The object of this paper is to 
fill this gap in our knowledge to a certain extent, qualitatively. 
We will first consider systems in which there can be only one 
liquid phase and in which the only solid phases possible are the 
two pure components. Two classes are then to be distinguished. 
In the first the vapor-pressure boundary curves for the less fusi- 
ble component lie wholly below the corresponding set of curves 
for the more fusible substance; in the second, the vapor-pressure 
boundary curves for the less fusible substance lie wholly above 
the corresponding set of curves for the more fusible component. 
Intermediate systems with intersecting pressure curves are quite 
conceivable but do not need be considered in detail. 

In Fig. 1 OB is the sublimation curve, OA is the vaporiza- 
tion curve and O the triple point for the more fusible component. 
O,B, and O,A, are the corresponding curves for the other com- 
ponent, O, being the triple point. If the eutectic temperature 
be that of the points H and H,, the partial pressure of the more 
fusible component, while it is solid phase, will be represented by 
OH provided we ignore any solvent action of the vapors. In 
the same way the partial pressure of the second component when 
present as solid phase will be O,H,. The partial pressures of the 
substance which is not present as solid phase are given by D,H, 
and DH, the curve D,H, belonging with OH while DH goes 
with O.H,. By adding OH and DH, we get the curve OC, 
representing the boundary curve for solid, liquid and vapor 





! Vorlesungen iiber theoretische Chemie, 35. 
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when the more fusible component is solid phase. By adding 
O,H, and DH we get the curve O.C, the boundary curve for 
solid, liquid and vapor when the less fusible component is solid 
phase. By adding HB and H,B, we get the curve CK, the 
boundary curve for the two solid components and vapor. The 
curve for two solids and solution is omitted, so as not to compli- 
cate the diagram unnecessarily. It would, of course, run almost 
vertically from C. Although the pressure corresponding to the 











Fig. 1 


point C is less than that of the point O in the diagram, it is to 
be noticed that this is not necessarily the case. If the curvesOH 
and O.H, were to coincide more closely than they do in Fig. 1, 
the point C would lie above instead of below O. The curves 
DH and D_H, have been drawn very nearly as though they were 
straight lines for the excellent reason that little is known about 
them. When the vapor-pressure of the less fusible component 
at the triple point is very much lower than the vapor-pressure of 
the point on OA for the same temperature, we shall have a state 
of things represented schematically in Fig. 2. 





Pressure-temperature Diagrams for Binary Systems 3 


The letters have the same signification as before. The 
curve DH hasa distinctly marked maximum and, in consequence, 
the curve O.C passes through a maximum. We know that this 
must be the case with potassium nitrate and water because a 











Fig. 2 


solution saturated with respect to the salt boils under atmos- 
pheric pressure at about 120° while the vapor-pressure of potas- 
sium nitrate at its melting-point is scarcely measurable. This 
is the case cited by van’t Hoff; but the phenomenon is 
very general. For instance, Stortenbeker’* found that when the 
freezing-point of iodin was lowered by the addition of chlorin, 
the vapor-pressure of the system first increased and then de- 
creased. 

In Fig. 3 is given the general diagram for the case in 
which the vapor-pressure curves for the less fusible component 
lie wholly above the corresponding set of curves for the other 
substance. The letters have the same signification as before. 
In a system coming under this head, the pressure corresponding 
to the point C will usually be higher than that of the point O ; 





' Zeit. phys. Chem. 3, 19 (1889). 
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but this is not necessarily the case. It is conceivable that if the 
temperature and pressure of O differed but little from that of O, 
and if the temperature of C were sufficiently low, the pressure 
corresponding to the point O might be higher than that of C. It 
seems probable that this will be the exceptional case, though it 











is the more probable state of things when there are intersecting 
vapor-pressure curves. 

A very interesting case occurs when the less fusible com- 
ponent is more dense as solid than as liquid and when the other 
component is a gas at the temperature of O,. If we assume that 
the gas is practically insoluble in the liquid formed by melting 
the less fusible component, the pressure of the gas will be a 
more important factor than its solubility and we shall havea rise 
of freezing-point. This brings up the partial pressure of the 
solvent in the vapor phase. Ordinarily we say that the solid 
solvent is in equilibrium with solution and vapor when the par- 
tial pressure of the solvent in the system, solution and vapor, is 
equal to the vapor-pressure of the solvent in the system, solid 
and vapor. If we exclude a possible solvent action of the gas, 
this definition seems to be a sound one, and it follows therefore 
that the partial pressure of the solvent in the system, solid sol- 
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vent, solution and vapor, will be equal, at temperatures above 
the melting-point, to the vapor-pressure of the system, super- 
heated solid and vapor. The details of such a system are shown 
in Fig. 4, with a complete disregard of scale. The apparent min- 
imum in O,A, is not to be taken seriously. It owes its existence 
to a desire not to crowd the curve O.O.. 











Fig. 4 


O.A,, OB, and O.E, are the boundary curves for pure 
liquid and vapor, solid and vapor, solid and liquid respectively. 
OO, is the prolongation of B.O., the system being instable with 
respect to the liquid phase. The partial pressure of the gas is 
given by the curve DS. This, of course, continues to the next 
quadruple point ; but we shall only consider the curves in the 
immediate neighborhood of the point O, so that it is quite im- 
material whether the new phase appearing at the next quadruple 
point be pure solid, a compound or a second solution. The 
total vapor-pressure of the system is represented by O,NC. If 
the gas were absolutely insoluble in the melt, this curve would 
coincide with O.E.. As this can never be the case theoretically, 
the curve O.NC will always lie above OE... In the construc- 
tion of Fig. 4 it has been assumed that with increasing pressure 
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the gas becomes more and more soluble in the melt until, at 
length, the lowering of the freezing-point due to the solubility 
overbalances the rise of freezing-point due to the increase of 
pressure. It has recently been pointed out by Tammann’ that 
systems of this sort have been studied by Danien,? the compo- 
nents being air and naphthylamin, diphenylamin, paratoluidin 
or mononitronaphthalene. In Fig. 4 the temperature and pres- 
sure of the maximum freezing-point are represented by the point 
N. The point N, denotes the point on the curve OO, at which 
the temperature is that of the maximum freezing-point. As the 
total pressure of the system increases from O to N, the partial 
pressure of the less fusible component increases from O, to N.. 
As the total pressure of the system changes from N to C, the 
partial pressure of the solvent decreases from N, back to O, and 
is represented by the curve O,B, as the system passes along the 
prolongation of ONC. 

Since the field for solution and vapor is bounded by A,O, 
and ONC, it is obvious that if we start at some point on OA, 
having a temperature lower than that of the point N and add the 
gas continuously at constant temperature keeping the volume of 
the system constant, the pressure will change until the solid 
phase appears at the pressure represented by the point on O.N 
for that temperature. During this process the partial pressure 
of the solvent has increased from that of a point on O,A, to a 
pressure represented by a point on 0.0... From this we see that 
if we compress a liquid by means of a gas practically insoluble 
in it, we shall increase the partial pressure of the liquid quite 
apart from any solvent action of the gas. This phenomenon has 
been observed by Schiller? and has been discussed at some length 
by Ostwald. From the diagram we see that, if the gas exerts 
no solvent action, the curve OO, represents the limiting partial 
pressures that can be reached in this way. In the same way in- 





' Wied. Ann. 66, 477 (1898). 

? Comptes rendus, 112, 785 (1891). 
3 Wied. Ann. 60, 755 (1897). 

* Lehrbuch, 2, II, 361. 
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crease of pressure at temperatures below that of O, will cause 
an increase in the partial pressure of the less fusible component, 
the limiting values given by the prolongation of A.O.. 

Up to this point we have expressly excluded any solvent 
action in the vapor phase; but it is now desirable to determine 
what will be the effect of dropping this limitation. In Fig. 5 is 














Fig. 5 


given the diagram for a system in which such a solvent action 
takes place. To avoid cumbering the diagram with unnecessary 
curves, the assumption has been made that the vapor of the less 
fusible component exercises no perceptible solvent action on the 
other substance. The effect of this limitation will be pointed 
out in the discussion. 

The essential feature of this system, in which it differs from 
that shown in Fig. 2, is the presence of the curve O,H,B,. The 
partial pressure of the less fusible component when present as 
solid phase cannot be represented by the curve O,B,; as hereto- 
fore because that is the state of things when the solvent action 
of the vapor is excluded. The curve O.H,B, represents the par- 

ial pressures of the less fusible component when it is present as 
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solid phase in equilibrium with solution and vapor. It should 
be understood that no attempt has been made to draw any of 
these diagrams to scale. When someactual system coming under 
this head is studied, it will probably be found that O,H,B, passes 
through a maximum very near the point O, and that, for the 
rest of its course, it will coincide very nearly with OB. In the 
same way it is more than probable that, in all cases in which 
the divergence of O,H_B, from O.B, is marked, the curve DH 
will pass through a maximum just as in Fig. 2. These, how- 
ever, are matters of detail varying from one system to another 
and have no effect on the general relations. If we were to take 
into account a solvent action due to the vapor of the less fusible 
component we should have a curve starting from O and lying 
just above OB. The point H would then be on this new curve 
and not on OB. If there were a point of maximum temperature 
on the curve O.C we should also have to consider a curve start- 
ing from O, and lying above the prolongation of B_O.. 

From the last diagram it was clear that, when one compo- 
nent can dissolve in the vapor of the other, the partial pressures 
for the solvent in the system, solid solvent, solution and vapor, 
are given by a curve starting from the triple point and lying 
above the boundary curve for solid and vapor. The reverse 
state of things will be found in case the solid phase has a per- 
ceptible solvent action; in other words, in case a solid solution 
is formed. In Fig. 6 is given the diagram for a system in which 
two systems of solid solutions are possible. 

OA is the vaporization curve and OB the sublimation curve 
for one of the pure components; O,A, and O_B, the correspond- 
ing curves for the other pure component. OHL gives the par- 
tial pressures of the more fusible component in one set of saturated 
solid solutions at different temperatures, while O,H, gives the 
relation between the temperature and the partial pressure of the 
less fusible component when the solid phase is the other set of 
saturated solid solutions. If the temperature of the eutectic 
point be that of the points C, H and H,, the partial pressures of 
the solutes along the two boundary curves may be represented 
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by D,H, and DH respectively. The boundary curves for the 
system are OC=OH + DH, O.C=O.H,+DH, and CK= 
HL + HL. 

In cases where no solid solutions are possible the curve OC 
must lie above the curve OB because it is equal to the curve OB 
plus the curve for the partial pressures of the other component. 
When solid solutions occur, this is no longer necessary and in 
the present rather extreme case the curve OC lies completely 
below OB. 














4 
“A 
p Z 
a“ 
> a 
= 
- 
-_ 
nae 
A 
~~ 
~~ 
—— 
ao! 
oe” 4 
on a 
cia 
~~ 
~— 
wer om 
~~ 
= 
t 
Fig. 6 


If the two substances form one continuous series of solid 
solutions, the curves HL and H,L, disappear and we have two 
continuous curves OHD and O.H,D.. For the isomorphous 
mixtures studied by Kiister’' OHD and O.H,D, become the 
straight lines OD and O,.D., and we have a state of things repre- 
sented graphically in Fig. 7. 

OD gives the partial pressures for the more fusible compo- 
nent in the system, solid solution, liquid solution and vapor, 
while O,D, gives the corresponding values for the other. The 
sum of these two curves is OO,, which represents the total vapor- 
pressure along the boundary curve. Of course, it is very im- 


' Zeit. phys. Chem. 8, 577 (1891). 
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probable that the curves OD and OD, are ever absolutely 
straight lines, but this diagram may be considered as the limit- 
ing case. 

There is one other point that calls for discussion. At tem- 
peratures below that of the quadruple point, hydrated sodium 


p 











Fig. 7 


sulfate can exist in stable equilibrium with solution and vapor, 
while the system, anhydrous sodium sulfate, solution and vapor, 
though realizable experimentally, is instable with respect to the 
hydrated salt. The metastable solution contains more sodium 
sulfate than the other and has a lower vapor-pressure. In one- 
component systems the phase that is in equilibrium with vapor 
at a higher pressure is instable with respect to the phase that is 
in equilibrium with vapor at a lower pressure. At first sight it 
would appear as though the solution saturated with respect to 
the anhydrous salt should be the more stable or, at any rate, that 
the difference of vapor-pressures would tend to change the 
equilibrium‘in one direction and that the difference of concen- 
trations would tend to displace the equilibrium in the opposite 
direction, the latter tendency being the decisive one. As a mat- 
ter of fact there is no such conflict of forces. Let the solution 
saturated with respect to the hydrated salt be called A and the 
solution saturated with respect to the anhydrous salt be called 
B. If these two solutions are brought in contact, salt will diffuse 











Pressure-temperature Diagrams for Binary Systems II 


from the place of higher concentration to that of lower concen- 
tration, in other words from B to A. The solution A being 
saturated, by definition, the salt that has diffused in will crystal- 
lize as decahydrate ; in the meanwhile salt will dissolve in B to 
restore the original concentration and will then diffuse into A. 
The final result will be the disappearance of the anhydrous salt 
and of the difference between the solutions. The actual result, 
apart from the question of transference, will be that anhydrous 
salt goes into solution and that hydrated salt crystallizes. 

Suppose, now, that the solutions be so arranged that they 
have a common vapor phase, diffusion however being impossi- 
ble. This may be done by placing the solutions in two beakers 
under a bell-glass. Water will then distil from the place of 
higher pressure to the place of lower pressure, in other words 
from A to B. The solution in A will tend to become more con- 
centrated and hydrated salt will therefore separate. The solu- 
tion in B will tend to become more dilute and equilibrium will 
continually be restored by the anhydrous salt going into solu- 
tion. The final equilibrium will depend on the relative masses 
of the phases. If the mass of solution in A be relatively small 
with reference to the mass of solution or to the mass of anhy- 
drous salt in B, the final equilibrium will be hydrated crystals 
in A, solution and anhydrous salt in B. If the mass of solution 
be not relatively small with reference to either of the phases in 
B, the final equilibrium will be hydrated crystals and solution 
in A and a solution of the same composition in B. Whatever 
be the final combination of phases, the change taking place has 
been that anhydrous salt goes into solution and hydrated salt 
crystallizes. We see, therefore, that the anhydrous salt is the 
metastable form whether we consider the matter from the point 
of view of the vapor-pressures or of the concentrations. 

Cornell University 








THE DISSOCIATIVE POWER OF SOLVENTS 


BY LOUIS KAHLENBERG AND AZARIAH T. LINCOLN 


The theory of electrolytic dissociation has greatly stimula- 
ted inquiry into the electrical conductivity of solutions. Natur- 
ally aqueous solutions, which possess the power of conducting 
electricity in a high degree, have thus far attracted most atten- 
tion. Solutions in which the solvents are mixtures of water and 
other liquids, especially alcohols, have been studied, and lastly 
attention has been turned to the investigation of the conduc- 
tivity of solutions that contain no water.‘ The investigation of 
the electrical conductivity of this latter class of solutions is of 
great interest in answering the question as to the cause of the 
dissociative power of solvents. It need scarcely be stated that 
the use of non-aqueous solutions as electrolytes would prove of 
considerable industrial value. 

Nernst has pointed out that the greater the dielectric con- 
stant of a solvent is, the greater is its dissociative power. Pro- 
portionality between the two, however, does not exist. Dutoit 
and Aston’? claim that only those solvents that in the liquid 
state are to be regarded as polymerized possess (lissociative 
power. They show that compounds that contain no oxygen, 
such as nitriles, when used as solvents, yield solutions that con- 
duct electricity very well. Brith] claims that solvents possessing 
dissociative power contain elements that have unsatisfied 
valences or, in other words, are unsaturated compounds. He 





'H. P. Cady, Jour. Phys. Chem. 1, 707 (1897). E. Bouty, Comptes rendus, 
106, 595 (1888). Dutoit and Aston, Comptes rendus, 125, 240 (1897). Dutoit 
and Friedrich, Bull. Soc. Chim. Paris, (3) tg, 321 (1898). St. v. Laszeznski u. 
St. v. Gorski, Zeit. Elektrochemie, 4, 290 (1897). C. Carrara, Gazz. chim. 
Ital. 27, 1, 207 (1897). See also Jahrbuch f. Elektrochemie, 1897, 45. 

74. @. 

* Zeit. phys. Chem. 18, 514 (1895); Ibid 27, 317 (1898) ;_ Ber. chem. Ges. 
Berlin, 30, 163 (1897). 
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ascribes the polymerization of the molecules of the solvent as 
well as the dissociative power that the latter exerts upon the 
dissolved substance to these spare valences. His theory of the 
tetravalency of oxygen is used to explain the dissociative power 
possessed by so many oxygen compounds. That some com- 
pounds containing nitrogen, when used as solvents, yield solu- 
tions that conduct electricity, Briihl explains is due to the fact 
that in these compounds nitrogen is a triad and that the disso- 
ciative power of the solvent is due to the extra valences of the 
element. He predicts that hydrazine will prove to have disso- 
ciative power; and that in general, i: the case of nitrogen com- 
pounds this property will vary with the nitrogen content (with- 
out being proportional to it, however) just as he claims it varies 
with the oxygen content in oxygen compounds. He also pre- 
dicts that all amines will prove to have dissociative power, which 
will be found to increase with the activity of the compounds. 
Finally diazo compounds, anhydrous hydrocyanic acid, and even 
unsaturated compounds of elements other than nitrogen, viz. : 
the trichlorides of phosphorus and arsenic, mercaptans and sul- 
phur ethers will according to Briihl] be found to have dissocia- 
tive power. The theory of Briihl will be considered again after 
the experimental data have been presented, as will also the theo- 
ries of Nernst and of Dutoit and Aston. 

We have for some time been working on the problem of the 
electrical conductivity of solutions that are not aqueous. In 
connection with the conductivity determinations we have in a 
few cases ascertained the molecular weights of the dissolved sub- 
stances by either the boiling- or freezing-point methods. Since 
the promulgation of the theory of electrolytic dissociation by 
Arrhenius’ it has been assumed that whenever any solution con- 
ducts electricity the dissolved substance in it is dissociated elec- 
trolytically and consequently the solvent possesses dissociative 
power. In using the term dissociative power as we do in this 
paper this assumption has been retained. In view of the splen- 
did success achieved by the theory of electrolytic dissociation in 


' Zeit. phys. Chem. 1, 631 (1887). 
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explaining the various properties of aqueous solutions of salts, 
acids and bases, one would be disposed to apply the same to non- 
aqueous solutions without further question. It is pertinent to 
inquire, however, whether in non-aqueous solutions that conduct 
electricity the dissolved substances are in the dissociated condi- 
tion ; in other words, whether the osmotic pressure, the lower- 
ing of the freezing-point or elevation of the boiling-point of the 
solutions indicates that the molecular weights of the dissolved 
substances are less than the theoretical to a degree sufficient to 
account for the conductivity of the solutions. In view of the 
opposition that the theory of electrolytic dissociation had to 
meet at the time of its promulgation, and in view of the fact 
that even at present a number of scientists are opposed to it, we 
may well hesitate to apply this theory (which is based primarily 
upon a study of aqueous solutions) to non-aqueous solutions 
without a firm experimental basis for doing so. In investigating 
the dissociation power of solvents then, it is very desirable that 
in connection with conductivity measurements molecular weight 
determinations be made also, until sufficient data have been col- 
lected to establish the fact that in non-aqueous as in aqueous 
solutions dissociation and electrical conductivity go together. 
It will no doubt be difficult in many cases to draw conclusions 
from molecular weight determinations, for some of the solutions 
conduct so poorly that the dissociation cannot be detected, much 
less estimated by boiling-point or cryoscopic methods. Whenthe 
solutions conduct sufficiently well, however, this difficulty will 
not be met. 

The conductivity determinations that we have to present are 
in part qualitative and in part quantitative. In our search for 
solvents that yield conducting solutions several difficulties were 
met, the solvent and the dissolved substance had to be perfectly 
anhydrous, and again the latter had to be sufficiently soluble to 
allow measurements to be made readily. Thus far the deter- 
minations of electrical conductivity in non-aqueous solutions 
made by others have been largely confined to salts of the alka- 
lies, ammonium and substituted ammonium. The solubility of 
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these salts we found to be very slight in some of the solvents we 
desired to test. 

It was found that several chlorides of the heavy metals are 
readily soluble in many solvents ; and as these chlorides are not 
very difficult to prepare in pure anhydrous form, and as on ac- 
count of the strong ionizing tendency of chlorine in aqueous 
solutions they suggested themselves as promising objects to try, 
they were employed as the dissolved substances in our work 
thus far. The chlorides used are those of the following formu- 
lae : — FeCl, AICl, SbCl, BiCl, CuCl, AsCl,, and PCL ; the 
last two were used both as solvents and as dissolved substances. 

In the majority of cases ferric chloride was found to be the 
most soluble of these salts, although antimony trichloride was 
exceedingly soluble in many of the solvents. Cupric and stan- 
nous chlorides were found to be sparingly soluble, speaking 
generally ; aluminum chloride reacted with the solvent in many 
cases liberating hydrochloric acid. Mercurie chloride was gen- 
erally found to be more soluble than bismuth chloride, which 
was not as soluble as antimony trichloride. Stannic chloride 
and the trichlorides of arsenic and phosphorus were miscible 
with many of the solvents without causing decomposition ; with 
some solvents reaction did occur. Phosphorus trichloride, it is 
well known, reacts with many organic solvents forming substi- 
tution-products. Whenever chemical action was made apparent 
by the formation of precipitates or liberation of gases the solu- 
tions were not further tested. 

Ferric chloride was prepared by passing anhydrous chlo- 
rine gas over pure iron wire contained in a heated hard glass 
tube. Cupric chloride was prepared in an analogous manner. 
Stannous and aluminum chlorides were obtained by passing dry 
hydrochloric acid gas over the respective metals contained in 
heated tubes of glass. The trichloride of antimony was pre- 
pared by treating the metal with dry chlorine in a small retort 
of good glass, with addition of heat, and then distilling the 
product. Trichloride of bismuth was formed by treating 
hydroxide of bismuth with concentrated hydrochloric acid, 
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evaporating to a thick syrup and allowing the mass to cool. 
The latter was then broken up, the pieces were transferred to a 
retort of Berlin porcelain, and the product purified by distilla- 
tion. All of these chlorides were pure and perfectly anhydrous. 
The mercuric chloride was the C. P. sublimed preparation of 
Kahlbaum. The stannic chloride was an anhydrous product 
obtained from Schuchardt. Arsenic trichloride was prepared 
by treating arsenious acid with dry hydrochloric acid gas in a 
retort and purifying the product by distillation. It had a very 
constant boiling-point. The trichloride of phosphorus was a 
sample obtained from Kahlbaum. It was redistilled and had a 
very constant boiling-point. 

In presenting the results the qualitative determinations 
will be given first. We found it necessary to make these deter- 
minations in order to find out solutions that conduct sufficiently 
to make quantitative investigations profitable ; and as a large 
number of solvents were tested, it will prove of value to give the 
results, especially as they cast light upon the question of the 
cause of the dissociative power of solvents (considering for the 
present that electrical conductivity of the solution is always 
caused by electrolytic dissociation). 

In this qualitative, or very roughly quantitative, work the 
plan of experimentation was as follows: In the circuit of a 
large Leclanché cell were placed a rheostat, a fairly delicate gal- 
vanometer and a resistance cell (of the type devised by Arrhe- 
nius) into which the solutions tested were introduced. The 
electrodes of the cell were about four millimeters apart. It was 
seldom that any of the plugs of the rheostat had to be pulled 
out, as the resistance in the cell was generally so large that but 
a small throw of the galvanometer needle resulted in most cases 
on closing the circuit. The circuit was closed only for a second 
or two in each case. Of course in operating thus with a direct 
current polarization could not be avoided ; it was the sole pur- 
pose of these experiments, however, to find out whether a cur- 
trent could be made to pass through the solution, and if so 
whether the conduction was sufficient to make it desirable to 
attempt an exact quantitative determination. 
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In each case the solvent was first tested as to whether it 
would conduct. It was found that nearly all the solvents were 
excellent insulators. In the case of acetic aldehyde and fur- 
furol a slight deflection of the galvanometer needle was ob- 
served ; in the case of most of the other solvents absolutely no 
notion of the needle was noted, while in a few instances a mere 
trace of movement was discernible on closing the circuit. The 
solvents were all of the C. P. varieties of standard makes, — 
Schuchardt, Kahlbaum, Merck or Trommsdorf. Prof. Kremers, 
of the pharmacy department of this university, kindly furnished 
us several compounds from his collection. Prof. Hillyer, too, 
was kind enough to place at our disposal a number of prepara- 
tions in his possession. We desire here to express our thanks 
to both of these gentlemen for thus furthering our experimental 
work. 

The salts used in making these rough, preliminary tests of 
conductivity were ferric chloride, antimony trichloride, mercuric 
chloride and bismuth trichloride. In nearly all of the solvents 
the order of the solubility of these salts proved to be that just 
given, ferric chloride being the most soluble. Without excep- 
tion, the ferric chloride solutions conducted better than the 
others. We soon found it useless to try solutions of the other 
three salts if the solutions of ferric chloride did not conduct. 
After the solvent had been tested in the resistance cell, the salt 
solutions were likewise tested. The latter were frequently pre- 
pared by introducing a little of the salt directly into the solvent 
contained in the cell. This was the method used whenever the 
salt dissolved readily ; when such was not the case, the solution 
was prepared in a small test-tube, frequently with the aid of 
heat ; it was then rapidly cooled, introduced into the cell and 
tested. The strength of the solutions was not accurately ascer- 
tained ; it varied from about one to five percent. 

The results of these tests are given in Table I. The first 
two columns contain the names and formulae of the solvents. 
In the next four columns is indicated the electrical conductivity 
of the solutions of the salts whose formulae head the columns. 
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When the solution conducted so poorly that no throw of the gal- 
vanometer needle was observed, this is indicated by the minus 
sign (—). A plus sign (+) indicates that the solution did con- 
duct. The addition of the interrogation point to the plus sign 
(+?) indicates that only a very slight movement of the needle 
was observed, and the addition of the exclamation point to the 
plus sign (+!) shows that the solution conducted well enough to 
make a quantitative determination desirable. An idea as to 
how great a conductivity this is can be obtained by inspecting 
the results of conductivity determinations of ferric chloride solu- 
tions given farther below. In Table I blank spaces indicate 
that the solutions were not tested, and the letter (i) shows that 
the salt was found to be insoluble or at least difficultly soluble. 
The dielectric constants of the solvents, as far as we were able 
to obtain them from the literature, are given in the seventh 
column. Finally, the last column contains the coefficients of 
association of the solvents, as far as we were able to find them 
in the literature. The coefficients marked R. & S. are taken 
from the article of Ramsay and Shields, Jour. Chem. Soc. 63, 
1089 (1893); R. & A. refers to the work of Ramsay and Aston, 
Ibid. 65, 168 (1894); D. & F. refers to Dutoit and Friedrich (1. c.). 

In addition to the results in the following table, it was 
found that stannic chloride in arsenic trichloride does not con- 
duct, and phosphorus trichloride in arsenic trichloride does not 
conduct. Mercuric chloride in arsenic trichloride conducted a 
little, but when phosphorus trichloride was added to the solu- 
tion the conductivity diminished to such an extent that the gal- 
vanometer needle did not stir. The action of the phosphorus 
trichloride in the latter case in diminishing the conductivity is 
possibly analogous to that of alcohol when added to an aqueous 
solution that conducts. 


Looking over the results in Table I it appears that ferric 
chloride dissolved in hydrocarbons or their halogen substitution 
products does not conduct. This is in perfect harmony with 
what others have found regarding solutions of other salts in sol- 
vents of this nature. The low dielectric constants and coeffi- 





























TABLE I 





Solvent 
Heptane 
Amylene 





Benzene 
Toluene 
Xylene 
Cymene 
Menthene 
Chloroform 


Carbon tetrachloride 
Methylene iodide 
Ethylene chloride 
Ethylene bromide 


Monobrom-benzene 
Benzyl chloride 
Benzal chloride 
Benzotrichloride 


Acetyl chlonde 


Benzoy! chloride 
Methyl alcohol 

Ethyl alcohol 

Allyl alcohol 

Benzyl alcohol 
Ethylene glycol 
Glycerine 
Epichlorhydrin 
Phenol 

Meta-cresol 

Ethyl ether 

Pheny! methy! ether 
Acetic anhydride 
Acetic aldehyde 
Chloral anhydride . 
Paraldehyde 
Benzaldehyde 
Cinnamic aldehyde 
Furfurol 

Acetone 
Methyl-propvl ketone 
Aceto-phenone 

Ethyl acetate 

Ethyl monochloracetate 
Ethy!] cyanacetate 


Ethyl aceto-acetic ester|CH,CO CH,COOC,H, | 


Propyl acetate 

Butyl . 

Propy! propionate 
Amy! butyrate 

Amy] valerianate 
Ethyl benzoate 

Ethy! oxalate 

Ethy! carbonate 
Ethyl chlorcarbonate 
Ethyl nitrate 

Amy] nitrite 
Nitro-benzene 
o-Nitro-toluene 
Aniline 

Methy! aniline 
Dimethyl * 

Benzyl amine 
Toluidine (ortho) 
Toluidine (meta) 
Xylidene (meta asym.) 
Phenylhydrazine 
Benzounitrile 

Pyridine 

Piperidine 

Quinoline 

Carbon disulphide 
Phosphorus trichloride 
Arsenic trichloride 
Tin tetrachloride 


Formula 


C,H,Cl, 
C,H,Br, 


C,H,Br 
C,H,.CH,Cl 
C,H, CHCl, 
C,H,.cCl, 
CH, COCI 
C,H, Coc! 
CH,OH 
C,H,OH 
C,H,OH 
C,H, CH,OH 
CyH,(OH), 
C,H,(OH), 
C,H,OCI 
C,H.OH 
C,H, CH,OH 
(CgHs),O0 
C,H,.0.CH, 
(CH; CO),0 
CH,COH 
CC1I,COH 
CaHy 205 
C,H,.COH 
C,H,.C,H,COH 
C,H,O, 
(CH,),CO 

CH, C,H,.cO 
CH,COC,H, 
CH,COOC,H, 
CH,CICOOC,H, 
CH, CN.COOC,H, 


CH,COOC,H, 
CH,COOC,H, 
CyH,COOC,H, 





C,H,NO, 
C,H,.CH,NO, 
C,H,NHy 
|C,H,;NHCH, 
|CSH,N(CHy)_ 
|\C,Hy.CHyNHg 
C,Hy.CHy.NHy 
\C,H,-CH,NH, 
CH; CH, NH, 
C,H, NH.NH, 
C,H,.CN 
|CoHsN 


Pel, 
AsCl, 
SnCl, 


\FeCl, i, ae BiCl; | HgCl, 


+ 
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2.301 Landolt 


3 2758 Negreano 


2 4706 
3.95 Thwing 


2.2 Tereschin 


25.30 Thwing 
15.40 Drude 


32 65 Tereschin 
257 Rosa 

21 6 Thwing 
10.6 Drude 


16.5 Drude 
9.68 Drude 
4-373 Donle 
18.55 Thwing 
sq |” 
14.48 Thwing 
39.4 Drude 
21.85 Thwing 
16.75 2 
16.24 “t 

6.5 Tereschin 
267 Drude 
15.7 


6.3 Tereschin 
5.0 Drude 


6.5 Tereschin 


17 72 Thwing 
32.19 Thwing 
25.58 . 
7.5 Tereschin 
7.15 Drude 


26.0 Drude 


2.61 Palaz 





| Coefficient of 


_ association 


0.06 R.&S 
(Schiff) 
Lor R.&S. 


oo4 R.&S 
(Eétvés) 
ror R.&S 


095K &S. 
(Eétvés) 


10OR.&s§ 
s4a3R.&5 
274R.&5 
IS8sR.&S 
202R.&5 
1.80 D. & I 
142R.&A 
09 R.&S 
0.99 R.&S 
10o2R.&8 
O.5§ .&S. 
0.97 KR. &S 
1.26R.&5S 
rit R&S 
1.10D.& F 
0.99 Kk. & S. 
096R.&S 
foo3 R.&5 
(113R.&8 
105R.&S 
joo7 R.&S 
(10o2R.&5 
093 R.&S 
108 KR. &S 
o8tR.&S 
1.07 R.&S 
102R.&58 


— ee 
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cients of association (as far as available) will be noted in this 
connection. The acid chlorides, acetyl and benzoyl chloride, do 
vield solutions that conduct. The dielectric constant of acetyl 
chloride is much higher than that of chloroform for example, 
though the results of Thwing and Drude (see table) do not 
agree. The coefficient of association of acetyl chloride is nearly 
unity ; this shows that there is practically no polymerization of 
the molecules in the liquid state. 

The alcoholic solutions (including glycol and glycerine) 
conduct sufficiently to make quantitative determinations desira- 
ble. The dielectric constants of these solvents are relatively 
higher and the coefficients of association indicate that the solvents 
contain polymerized molecules. The viscosity of the solutions 
of glycol and glycerine no doubt diminishes their conductivity. 
Solutions in phenol and cresol did not conduct as well as alco- 
holic solutions. The dielectric constant of phenol is not as high 
and the coefficient of association is not as great as in the case of 
the alcohols. 

The ethers and even acetic anhydride proved to have but 
slight dissociative power. Their molecules are not polymerized 
and the dielectric constant of ether is low. 

Acetic aldehyde yielded solutions that conducted fairly well 
relatively ; one would expect this from the dielectric constant 
found by Thwing (see Table I). On the other hand solutions in 
chloral did not conduct, which fact harmonizes with the low di- 
electric constant of this substance. The molecules of chloral 
are not polymerized as the table shows; unfortunately the coef- 
ficient of association of aldehyde has not been determined. Par- 
aldehyde has considerable dissociative power in spite of the fact 
that its coefficient of association indicates that its molecules are 
not polymerized. Benzaldehyde solutions of ferric chloride con- wat 
ducted sufficiently to make quantitative measurements desirable 
(see results below); the dielectric behavior of this solvent is 
such as to lead one to expect this. The molecules of this sol- 
vent are not polymerized according to the determinations of 
Ramsay and Shields. Solutions in cinnamic aldehyde did not 
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conduct very well; but those in furfurol were found to conduct 
very well relatively. The high dielectric constant of this sub- 
stance will be noted in this connection. 

The three ketones tested yielded solutions that conduct 
well. This was to be expected from their dielectric constants. 
It will be observed, however, that their coefficients of associa- 
tions are such as to indicate but very slight polymerization of 
their molecules. 

Among the esters, ethyl acetate, in spite of its low dielec- 
tric constant (compare the same with that of chloral), yielded 
solutions that conduct (see measurements below). Solutions in 
monochloracetate of ethyl seemed to conduct about the same and 
the cyanacetate did not appear to yield better conducting solu- 
tions in spite of the fact that it contains the CN group and has 
a relatively high dielectric constant. Aceto-aceticester solutions 
of ferric chloride conducted well relatively (see determinations 
below), though its dielectric constant is only 15.7,’ and its coef- 
ficient of association shows that its molecules are not polymer- 
ized. The solutions in propyl acetate, butyl acetate and ethyl 
benzoate conducted but slightly; their dielectric constants are 
low. However, since the dielectric constant of butyl acetate is 
rather lower than that of chloral one would expect the ferric 
chloride solution of the former to show no conductivity. Ferric 
chloride in propyl propionate conducted slightly, while its solu- 
tions in amyl butyrate and amyl valerianate showed but the 
slightest movement of the galvanometer needle. The dielectric 
constants of these solvents are probably also low, though they 
have, to our knowledge, not been determined. The solutions in 
ethyl oxalate conducted fairly well ; but those in ethyl carbon- 
ate, in spite of the high oxygen content of this solvent, did not 
conduct noticeably at all. Again, ethyl chlorcarbonate yielded 
solutions that conducted well relatively. 

The results obtained by using nitrogen compounds as sol- 
vents are of particular interest. Ethyl nitrate, amyl nitrite, 
nitrobenzene and nitrotoluene it will be noted yielded solutions 





' That of ethyl cyanacetate is 26.7. 
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that gave a fair degree of conduction (see determinations for 
nitrobenzene solutions below). The dielectric behavior of these 
solvents would lead one to expect this. The molecules of nitro- 
benzene are, according to Ramsay and Shields, not polymerized. 
In aniline, methyl- and dimethylaniline, and in benzylamine, 
ferric chloride is quite soluble but the solutions conduct very 
poorly indeed. The benzylamine solutions seemed to conduct a 
little better than the others. In the toluidines ferric chloride 
was not readily soluble ; only a very slight deflection of the gal- 
vanometer needle was observable on testing the solutions. Xyli- 
dine did not dissolve the salts tested, as shown in the table. 
Only the dielectric constant of aniline was found in the litera- 
ture. This constant is low and one would expect low dissocia- 
tive power. The molecules of aniline are not polymerized, ac- 
cording to the coefficient of association. Although phenylhy- 
drazine dissolves ferric chloride readily, the solution so ob- 
tained does not conduct; not the slightest movement of the 
galvanometer needle was observable. Benzonitrile yielded 
solutions that conducted very well. This is in harmony with 
the results of Dutoit and Friedrich, that solutions in nitriles 
conduct well. The relatively high dielectric constant of benzo- 
nitrile will be noted; on the other hand, its coefficient of asso- 
ciation is so low as to show that its molecules are not polymer- 
ized. Pyridine yielded solutions that conduct. St. v. Laszezn- 
ski u. St. v. Gorski’ determined the conductivity of solutions of 
salts of the alkalies in this solvent. It will be noted that its 
molecules are not polymerized. Piperidine did not dissolve the 
salts tested appreciably, except in the case of mercuric chloride. 
The conductivity of this solution was very slight. The coeffi- 
cient of association of this solvent indicates no polymerization. 
Quinoline yielded solutions that conducted slightly. Its mole- 
cules are not polymerized. The dielectric constants of the last 
three bases appear not to have been determined thus far. 
Carbon disulphide solutions of ferric chloride do not con- 
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duct, which is in harmony with the low dielectric constant of 
this solvent whose molecules are also not polymerized. 

Antimony trichloride dissolves readily in phosphorus tri- 
chloride, but the solution does not conduct; neither does the 
solution of mercuric chloride in phosphorus trichloride conduct. 
The coefficient of association of phosphorus trichloride shows 
that its molecules are not polymerized. 

Ferric chloride dissolved in arsenic trichloride, conducts 
fairly well, and the solutions of the other three salts in this sol- 
vent conduct, but not as well. 

The rule that the greater the dielectric constant of the sol- 
vent, the greater is its dissociative power, holds in general. <A 
few apparent deviations were noted above. 

Since only the hydroxyl derivatives in Table I have 
coefficients of association that indicate polymerization of their 
molecules, and since the solutions they yield are by no means 
the only ones that conduct electricity, it is clear that the theory" 
that only those solvents whose molecules are polymerized pos- 
sess dissociative power is untenable. 

In summing up the relations between the chemical compo- 
sition of the solvent and its dissociative power, it appears that 
solutions in hydrocarbons or their halogen substitution-products 
do not conduct. Alcoholic solutions conduct well compara- 
tively. The higher the carbon content of the alcohol, the less is its 
dissociative power. The hydroxy] derivatives of the aromatic series 
possess less dissociative power than those of the fatty series ; 
this is especially true when the hydroxyl group occurs in the 
benzene ring. Ethers and acid anhydrides do not possess disso- 
ciative power, or possess it only in a slight degree. The be- 
havior of carbon disulphide would indicate that this possibly 
holds true also for other sulphur compounds.? Aldehydes on 


‘Compare Dutoit and Aston, 1. c. Also Dutoit and Friedrich, 1. c. 
The influence of viscosity on the conductivity, upon which the latter insist, can 
not be doubted. 

* Asa matter of fact, Werner, Zeit. anorg. Chem. 15, 39 (1897), found that 
cuprous chloride, though fairly soluble in methyl sulphide, conducts very 
poorly in that solvent. 
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the whole yield solutions that conduct relatively well. This 
cannot be ascribed solely to the presence of the aldehyde group, 
for solutions in chloral do not conduct. Here is a case where 
substitution of chlorine for hydrogen is accompanied by a re- 
duction of dissociative power. On the other hand, when in 
acetic- or benzaldehyde the hydrogen of the aldehyde group is 
replaced by chlorine, the acid chlorides result and the com- 
pounds do not lose their dissociative power. When the hydro- 
gen of the aldehyde group is replaced by an alkyl radical, the 
resulting compounds, the ketones, retain dissociative power. 
Esters have slight dissociative power on the whole, which de- 
creases as their carbon content increases. Substitution of Cl, 
CN or CH..CO for one of the hydrogens of the methyl group 
does not cause the compound to lose its dissociative power. (In 
the latter instance it has been found to increase it.) Ethyl car- 
bonate does not yield conducting solutions, but when one of its 
ethoxy groups is replaced by chlorine the solvent becomes en- 
dowed with dissociative power. This shows that it would not be 
correct to make the general statement that substitution by halo- 
gen in a compound has a tendency to reduce dissociative power. 
The nitrogen compounds containing oxygen combined with that 
element possess dissociative power. The amido compounds of 
the aromatic series have but very slight dissociative power. 
Phenylhydrazine yields a non-conducting solution of ferric 
chloride. Nitriles yield conducting solutions, as do also ring 
compounds containing nitrogen. The trichloride of phosphorus 
does not have dissociative: power, while the opposite is true of 
arsenic trichloride. 

Finally, how do these results agree with the theory of 
Briihl? In the case of all the compounds containing oxygen 
there would be an abundance of spare valences because Briihl 
regards oxygen as tetravalent. In general it has been found to 
be true that oxygen compounds do possess dissociative power. 
But chloral, ethyl carbonate and ethers' have no dissociative 
power, while esters with high carbon content yield solutions 





' Compare also the remarks of Dutoit and Friedrich, 1. c. 
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that practically do not conduct. Again when chlorine is sub- 
stituted for an ethoxy group, the number of spare valences is 
certainly reduced (assuming oxygen to be a tetrad), nevertheless 
solutions in ethyl chlorcarbonate conduct well. The amido 
compounds yielded solutions that conducted but very slightly, 
contrary to Briihl’s prediction. Perhaps he would characterize 
the amido compounds tested as not sufficiently active. Again 
the phenylhydrazine solution did not conduct. Of course it re- 
mains for future experimentation to show what hydrazine will 
do. Substitution of CN for hydrogen in ethyl acetate did not 
seem to affect the dissociative power much. Solutions of anti- 
mony trichloride, mercuric chloride, stannic chloride and arsenic 
chloride in phosphorus trichloride did not conduct. This too 
is contrary to Briihl’s prediction. Solutions in arsenic trichlo- 
ride did conduct as Briihl predicted. Solutions of cuprous 
chloride in methyl sulphide conduct very poorly according to 
Werner’s' determination ; this is alsocontrary to Briihl’s expecta- 
tion. On the whole it is evident that Briihl’s theory is in many 
instances not supported by the facts, and consequently it must 
be pronounced untenable. 

The results of the accurate measurements of the electrical 
conductivity will now be given together with the molecular 
weight determinations, when such have been made. The con- 
ductivity was measured in each case according to the method of 
Kohlrausch, the results being given in reciprocal mercury units. 
A cell patterned after that of Arrhenius was used. It had a 
tightly fitting cover so as to exclude the moisture of the air as 
much as possible. The determinations were made at 25° C 
unless otherwise indicated. In no case has the conductivity 
of the solvent been deducted. It has in each case been deter- 
mined, however. The cryoscopic determinations were made 
with Beckmann’s apparatus, all the usual precautions being taken. 
In the tables of electrical conductivity v indicates the volume in 


liters in which one gram-molecule is contained, and « the molecular 
conductivity. 





‘LL é. 











26 Louts Kahlenberg and Azariah T. Lincoln 


SOLUTIONS IN METHYL ALCOHOL 


The solvent was the C. P. commercial article. It was dis- 
tilled twice from anhydrous copper sulphate after having stood 
over this substance tor several days. Finally it was treated with 
metallic sodium, distilled and again redistilled. Its boiling- 
point was then quite constant, and its specific conductivity was 
7 x oon". 





TABLE II 
Solvent : methy] alcohol 
Ferric Chloride, FeCl, Antimony Trichloride, SbC1, 
v lg v B v B v ig 
3.20 20.81 102.48 60.55 8.15 15.68 260 96 $9.47 


6.41 | 25.26 204.96 72.61 16.31 | 
12.81 | 31.093 . 409.91 89.11 32.62 | 
25.62 40.90 819.83 111.08 65.24 | 
51.24 | 49.00 1639.66 | 147.08 130.48 | 


18.94 | 521.91 | 118.34 
28.52 1043.83 | 156.32 
43-32 | 
63-33 | 


3 
SOLUTIONS IN ETHYL ALCOHOL 


This solvent was prepared in the same manner as was 
methyl alcohol. Its boiling-point was quite constant also. Its 
specific conductivity was found to be 7.7 * 107% 


iy) 
TABLE III 
Solvent : ethyl alcohol 

Ferric Chloride, FeCl, Antimony Trichloride, SbCl, 

v we v pe v we v fe 
2.89 9-91 | 46.28 | 15.51 | 8.11 4.18 | 129.81 18.23 
5-79 | 13.00 92.50 | 16.69 | 16.23 5.68 259.62 29.43 
11.57 | 13-70 195.12 | 19.33 32-45 | 7-94 
23.14 | 14.50 | 390.24 ! 21.20 64.91 | 12.30 


SOLUTIONS IN ACETONE 


The solvent was a C. P. commercial sample. It was allowed 
to stand over fused calcium chloride for over two weeks. 
Finally it was redistilled four times from fused calcium chloride. 
It then had a very constant boiling-point. Its specific conduc- 
tivity was 5.4 x 10—*®. In this solvent bismuth trichloride was 
practically insoluble. 
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TABLE IV 
Solvent: acetone 
Ferric Chloride, Antimony Tri- Cupric Chloride, Stannous Chloride, 
FeCl, chloride, SbCl, CuCl, SnCl, 
? pb v Bb v B v - 
14.65 | 51.70 7.07 | 1.23 45.87 25.72 37-78 8.77 
> 29.30 | 59.90 14.14 | 1.55 91.74 27.10) 75.56 8.09 
58.60 | 64.65 28.27 | 1.83. 183.48 28.71 113.33 6.87 
117.19 | 68.68 | 56.56; 2.13 366.96 | 28.94 
234.39 | 70.67 || 113.10 | 3.34 | 733-91 | 29.18 
468.77 72.28 || 
937-54 83.76 || | 
1875.08 | 91.22 || 
SOLUTIONS IN ETHYL ACETATE 
The solvent was of the C. P. variety. It was treated re- 
peatedly with anhydrous copper sulphate from which it was 
distilled each time. Finally it was redistilled, when it showed 
' aconstant boiling-point. Its specific conductivity was 4.5 < 107’. 
ad TABLE V 


Solvent: ethyl acetate 





Ferric Chloride, Antimony Tri- Stannous Chloride, Bismuth Trichloride, 
FeCl, chloride, SbCl, SnCl, BiCl, 

v Bb v Jad v & v be 
16.89 0.87 || 10.92 | 0.013 || 68.05 | 0.042 || 112.12 0.034 
33.78 | 1.12 || 21.84 | 0.019 || 
67.46 | 1.25 | 


SOLUTIONS IN ETHYL ACETOACETATE 


This solvent was a product obtained from Schuchardt. It 

was subjected to fractional distillation. A sample which boiled 

<i between 174° and 176° C at 736 mm, was used in the experiments. 
Its specific conductivity was 4 x 107°. 
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TABLE VI 
Solvent: ethyl acetoacetate 
Ferric Chloride, Antimony Tri- Bismuth Tri- Arsenic Trichloride 
FeCl, chloride, SbCl, _ chloride, BiC1, AsCl, 

Vv B v KB Vv B& Vv 

5-46 | 10.82 | 0.75 | 0.031 | 5.65 | 0.059 0.47 | 0.087 
15.04 | 14.04 | 0.94 | 0.034 | 11.31 | 0.053 0.65 | 0.071 
16.31 14.08 | 1.34 | 0.041 27.09 | 0.098 | 0.84 | 0.068 
22.14 | 14.62 || 2.76 | 0.044 || 48.20 | 0.137 || 1.13 | 0.067 
24.12 | 14.63 | 4.34 | 0.050 || 83.00 | 0.164 | 1.37 | 0.067 
27.59 | 15.04 | 8.18 | 0.059 | 288.96 | 0.472 | 2.49 | 0.084 
31.90 | 15.25 || 17.02 | 0.076 || MereuricChlo- || 3-50 | 0.070 
44.64 | 15.94 } 36.69 | 0.108 | ride, HgCl, || 10.20 | 0.085 
157.98 | 19.79 || 59.86 | 0.132 | v pe 31.13 | O.114 


240.51 | 20.65 | 511.50 | 0.529 || 0.91 | 0.012 | stannic Choride, 





503-56 | 23-43 | Phosphorus Tri- | 1-35 9-013 | SnCl, 
chloride, PCI, 2.91 0.017 || v p» 
v Bh || 36.33 | 0.072 || 2.02 | 1.08 
1.80 | 0.026 | 4.13 | 1.71 
4.48 | 0.097 || | 8.76 | 2.37 
TABLE VII 
Ferric Chloride in Ethyl Acetoacetate 
(v= 5.46 at 25°C. Solution two weeks old). 
t B t B t B t pe 
~ 25°C | 12.0 | 60°C | 18.2 a C | 20.7) go’ C | 21 -— 
50 = |:16.8 | 65 19.2 | 81 | 21.2] 95 | 21.8" 
56 17.5 | 70 19.9 | 86 | 21.7| 100 | 21.7 





(At higher temperatures gases are rapidly disengaged from 

the solution.) 
SOLUTIONS IN BENZALDEHYDE 

This solvent was prepared by Schuchardt. It was redis- 
tilled. A sample boiling between 177° and 178° at 741 mm 
was used in the experiments. Its specific conductivity was 
4.5 X 107%. 

TABLE VIII 
Solvent: benzaldehyde 








Ferric Chloride, FeCl, Antimony Trichloride, SbC1, 

v B v B v B 
25-58 14.32 || 1.96 0.12 | 33.10 | 0.86 
51.65 | 14.58 | 2.42 0.14 | 62.52 | 1.24 

117.91 13.05 | 3.51 0.17 155.22 1.68 
157-79 | 12.14 | 5.80 | 0.28 | 523.39 | 2.62 
237.14 10.50 | 14.89 | 0.48 | 
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TABLE IX 


Ferric Chloride in Benzaldehyde 


(v = 25.58 at 25° C) 





t # t B t bw t mn 
25°C | 14.3 | 65°C | 23.1 85°C | 26.4 | 105°C | 24.1 
52 20.5 | 70 24.3 go 26.4 | III 24.0 
55 20.9 | 75 25.1 95 24.5 | 125 24.0 
60 ' 22.1 | 80 25.9 102 24.1 


SOLUTIONS IN NITROBENZENE 


This solvent was from Kahlbaum. 


It was prepared from 
crystallizable benzene. 


Its specific conductivity was 3.5 X 107’. 


x 


Solvent: nitrobenzene 


TABLE 











Antimony Tri- Arsenic Tri- 
Ferric Chloride, FeCl, chloride, SbC1, chloride, AsCl, 
v pe v pe v » v pe 
2.84 | 3.76 | 181.49 | 18.86 || 1.83 | 0.023 || 1.338 | 0.016 
5.67 | 4-79 | 362.98 | 20.02 3.65 | 0.048 2.676 | 0.021 
11.34 6.58 | 725.96 | 20.51 1 7-31 | 0.122 || 4.014 | 0.028 
22.68 | 13.70 | 1451.93 | 20.82 || 14.60 | 0.225 || phosphorus Tri- 
45-37 | 16.25 2903.86 20.45 || 29.21 | 0.390 } chloride, PC1, 
90.74 | 17.61 | | | 58.41) 0.706 || ov o 
| | | 116.83 | 1.276 | 8 43 | 0.026 
| | | | 16.86 | 0.042 
TABLE XI 
Ferric Chloride in Nitrobenzene 
(v = 7.189 at 25° C) 
t v t wo t w t p 
25°C | 5.2 | 70°C | 9.2 | 95°C | 12.5 | 130°C | 16.4 
52 7.2 | 75 9.8 | 100 | 13.3 | 135 16.7 
56 | 7.6 ; 80 10.3 ; I10 ; 14.6 | 140 16.8 
61 | 8.1 | 85 11.0 | 123 | 15.7 | 145 | 16.9 
67 8.8 90 11.6 | 125 15.9 | 150 16.9 


The following cryoscopic determinations in nitrobenzene 
solutions are of interest in connection with the results of the 
measurements of the electrical conductivity. The solvent used in 


these determinations was that already described. It was, how- 
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ever, recrystallized several times in this case before being used. 
The molecular lowering of the freezing-point used in the calcu- 
lations was 70.70 (Compare Ostwald’s Grundriss der allgemet- 
nen Chemie). 

TABLE XII 


Solvent : nitrobenzene 


Ferric Chloride, FeCl, 


Arsenic Trichloride, AsCl, 
Mol. Wt. 








161.14 Mol. Wt. = 179.95 
Substance in Substance in 
100 g sol- 100 g sol- 
vent Lowering Mol. wt. vent Lowering Mol. wt. 
1.4792 0.330 316.9 0.3997 0.223, 126.7 
1.6510 0.433 269.6 0.9756 0.493 139.9 
1.9661 0.575 241.7 1.2298 0.568 153.1 
2.3582 0.728 . 229.2 1.7010 0.763 157.6 
3.0506 1.065 | 203.0 2.7756 1.189 156.1 
3.4823 1.255 | 196.2 3.7299 1.554 169.7 
4.0097 1.501 188.9 4.5366 1.857 172.7 
4.7389 1.756 | 190.8 5.2582 2.138 | 174.3 
Antimony Trichloride, SbC1, 6.4207 2.613 173-7 
Mol. Wt. 225.06 7.8651 3.179 174.9 
2.5811 0.714° 255.6 10.4542 4.207 | 175.7 
3.1528 0.910 245.5 Bismuth Trichloride, BiCl, 
5.2983 1.585 236.3 Mol. Wt. — 312.08 
6.3113 1.928 231.4 0.6833 0.230° 203.9 
7.2706 2.248 228.7 0.9190 0.250 258.1 
8.3095 2.625 223.3 1.1268 0.280 282.6 
10.6533 3.555 211.9 1.4927 0.340 301.8 
Stannic Chloride, SnCl, 1.8563 0.410 317.9 
Mol. Wt. = 258.87 3.0829 0.662 326.9 
2.1259 0.337° 445.9 Phosphorus Trichloride, PCI, 
3.4959 0.742 332.1 Mol. Wt. = 136.33 
5.3896 1.242 306.8 0.9339 0.530° 124.6 
6.8268 1.662 290.4 | 1.3482 0.758 125.8 


The relatively high values of » for ferric and antimony 
chlorides in methyl alcohol (Table II) and also their great in- 
crease with the dilution, showing no tendency toward a maxi- 
mum will be noted. The figures remind one of the behavior 
of ferric chloride in aqueous solutions, where hydrolytic decom- 
position occasions great increase of conductivity with increase 
of dilution. In ethyl alcohol (Table III) the conductivity of 
The values of u for ferric chloride 


these salts is very much less. 








Dissociative Power of Solvents 31 


show relatively less change with increasing dilution, while those 
of antimony trichloride increase more rapidly with the dilution 
than in the corresponding solutions in methyl alcohol. 

In acetone (Table IV) the values of w for ferric chloride are 
higher than in methyl alcohol, except at the higher dilutions. 
The low conductivity of antimony trichloride in acetone as com- 
pared with its conductivity in methyl or even ethyl alcohol is 
striking. Cupric chloride dissolved in acetone conducts well. 
The values of » change but little with the dilution and appear 
to tend towards a maximum. Stannous chloride shows a rather 
low molecular conductivity when dissolved in acetone. The 
values of » show a decrease with the increase of dilution. 

In ethyl acetate (Table V) the conductivity of the various 
salts was uniformly low. 

In ethyl acetoacetate (Table VI) the values of » for ferric 
chloride are, roughly speaking, of the order that they are in ethyl 
alcohol solution (Table III). The relatively slight change of the 
conductivity with the dilution will be noted. The change of 
the conductivity with the temperature too is of interest (Table 
VII). At first ~ increases with the temperature, but the change 
per degree grows less as the temperature rises, finally (at about 
86°) becoming practically nil." The low values of uw for all the 
other salts in ethyl acetoacetate will be noted. It is especially 
interesting that antimony trichloride here, as in acetone, gives 
a very low value for » as compared with that of ferric chloride. 

In benzaldehyde antimony trichloride conducts but slightly 
(Table VIII). Ferric chloride has a much greater conductivity, 
which shows a decrease with increase of dilution. The change 
of yw for the ferric chlorig@ solution with the temperature is in- 
teresting (Table IX). At first there is a gradual increase up to 


about go° or 95°; then there is a slight decrease, the values 
soon becoming constant. 


' Dutoit and Friedrich (1. c.) found that cadmium iodide dissolved in 
acetonitrile, or acetone shows no variation of #@ with the dilution or with the 
temperature. They incline to ascribe this behavior to a combination between 
the solvent and the dissolved substance. ’ 
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In nitrobenzene (Table X) the conductivity of all the solu- 
tions except that of ferric chloride is low. The values of » for 
the latter become practically constant at the higher dilutions. 
The conductivity of a ferric chloride solution (Table XI) in- 
creases steadily with the temperature until about 130° C has been 
reached, when it becomes constant. 

The cryoscopic determinations in nitrobenzene solutions 
(Table XII) indicate that the molecular weight of ferric chloride 
is uniformly higher than the theoretical, and that it decreases 
with increase of concentration of the solution. This de- 
crease of molecular weight with increase of concentration is also 
to be observed in case of the solutions of antimony trichloride, 
though here the variation is much less relatively and the more 
concentrated solutions show a molecular weight slightly below 
the theoretical. Stannic chloride behaves like ferric chloride in 
that the molecular weight is greater than the theoretical and that 
it decreases with increase of concentration of the solution. The 
trichlorides of bismuth, arsenic and phosphorus in dilute solu- 
tions give molecular weights that increase with the concentra- 
tion of the solutions. In the more dilute solutions the values 
are lower than the theoretical. © 

As the molecular weights of the chlorides of iron, antimony 
and tin in nitrobenzene increase with the dilution, it is clear that 
the number of dissolved molecules must decrease with the dilu- 
tion. A simple polymerization of the molecules of the respect- 
ive salts, seems here excluded, as it would naturally decrease 
rather than increase with the dilution. Some combination with 
the molecules of the solvent such that the total number of dis- 
solved molecules suffers a reduction, therefore seems to take 
place. If this assumption be made, it is clear that electrolytic 
dissociation might still take place to a certain extent in the 
solution and yet the cryoscopic results be such as they are. 

‘Dutoit and Friedrich’ state that they have found normal 
molecular weights by the boiling-point method for the com- 
pounds of the formule CNS.NH,, HgCl,, Nal, LiCl, Cdl, 





‘Le. 
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when dissolved in acetone. These solutions conduct electricity 
well. The authors claim that this behavior is not in contra- 
diction to the dissociation theory. Their explanation is to ap- 
pear later. 

A Werner’ has made molecular weight determinations of 
inorganic salts in pyridine, benzonitrile, methyl sulphide, ethyl 
sulphide, and piperidine by the boiling-point method. He finds 
as a general result that his determinations indicate little or no 
dissociation of the salts tested. The latter included, among 
others, silver nitrate, mercuric iodide and mercuric chloride in 
benzonitrile, and silver nitrate and ferric chloride in pyridine. 
The calculated molecular weight of silver nitrate is 170; in 
benzonitrile it was found to be 176, and in pyridine 165.42’. 
Again the calculated molecular weights of mercuric iodide and 
mercuric chloride are 454 and 271 respectively; in benzonitrile 
they were found to be 474 and 300 (in another series 238) re- 
spectively. It must be added that Werner does not claim a very 
high degree of accuracy for these results. We have not made 
accurate determinations of the electrical conductivity of the 
solutions just mentioned, but we have tested them roughly and 
know that they do conduct very well. It is not easy to ex- 
plain from the standpoint of the dissociation theory why they 
should conduct well and still yield molecular weights that are 
normal or nearly so. Accurate measuremepts are of course 
necessary before the extent of the discrepancy, which apparently 
exists, can be determined. When solutions of silver nitrate 
and mercuric iodide in benzonitrile are mixed there is formed 
momentarily a curdy precipitate that has every outward appear- 
ance of silver iodide. This fact would indicate that silver and 
iodine ions are present in the solutions. It remains to be seen 
whether the degree of ionization is sufficient to account for the 
conductivity. Unfortunately the amount of benzonitrile we 
have on hand is not sufficient to investigate this matter at once. 

Werner? has isolated and analyzed addition-products of 





' Zeit. anorg. Chem. 15, 1 (1897). 
* The averages of several experiments are given here. 
"6. 
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piperidine with inorganic salts. He states that the molecular 
weight determinations of these salts in piperidine solutions are 
but slightly influenced by the fact that piperidine can form ad- 
dition-products with the salts. This appears to be analogous to 
the fact that a salt, although it is capable of crystallizing with 
one or more molecules of water, yields the same molecular 
weight whether dissolved as anhydrous salt or with its crystal 
water. We desire to quote a sentence from Werner in this con- 
nection: “ Da nicht bezwetfelt werden kann, dass in bestimm- 
ten organischen Lisungen hydrataihnliche Additions-producte 
von Loisungsmittel und Metallsalz als bestandige Verbindungen 
gelost sind, so muss auch angenommen werden, dass bestimmte 
Hydrate in den wisserigen Lésungen enthalten sein kinnen; 
wenn im letzterem Fall eine elektrolytische Dissoziation eintritt, 
so entstehen nicht Metallionen, sondern an deren Stelle treten 
tonisterte Metallwasserradtkale.” While we do not think that 
Werner’s argument warrants drawing this conclusion, yet the 
sentence seems very suggestive. 

It would to our minds prove rather premature to try to de- 
cide at this time whether the dissociation theory in its present 
form can account for the conductivity and other properties of 
solutions of salts in solvents other than water, for the experi- 
ments performed by us and by others are as yet too few to war- 
rant broad generalization. This paper, moreover, is only pre- 
liminary in character. From the results above detailed, it seems 
safe to say that different solvents act differently on one and the 
same salt. The general outlook at present appears to be that in 
order to harmonize the molecular weight determinations in many 
non-aqueous solutions with the relatively high electrical con- 
ductivity of the latter, the assumption that combination between 
solvent and dissolved substance takes place, will have to be 
made. Can it be true that after its glorious success in explain- 
ing the properties of aqueous solutions of acids, bases and salts, 
the dissociation theory will need the help of its old rival, the 
hydrate theory (perhaps in somewhat modified form), to explain 
the facts in the case of non-aqueous solutions? Further diligent 
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experimental investigation only can definitely answer this question. 
We need not only to know the molecular weights of the dis- 
solved substances and the electrical conductivity of the solutions, 
but we need to know whether the reactions that take place in 
them are momentary ; in other words, whether they are ionic 
reactions, as in the case of aqueous solutions. The behavior of 
non-aqueous solutions upon electrolysis, their optical and other 
properties must be studied. The potentials of the galvanic 
chains in which these solutions are used as the electrolytes, must 
be investigated. 

The electrolysis of non-aqueous solutions and the potentials 
that exist between the metals and non-aqueous conducting solu- 
tions of their salts are being studied in this laboratory. Further 
work on conductivity and molecular weight determinations is 
also in progress." 

Laboratory of Physical Chemistry, 
University of Wisconsin, 
Madison, Dec. 19, 1898. 

'Since the above was written, Prof. Bancroft in a letter to us directed our 
attention to the theory of Konowalow ( Wied. Ann. 49, 733, 1893) that a solution 
conducts only when there is a chemical reaction between solvent and dissolved 
substance. The work was done on salts of the amines. Referring to Konowa- 
low’s work Bancroft wrote :—‘‘ These experiments are not conclusive because 
aniline and acetic acid both conduct a little in water and there is always a pos- 
sibility of dissociation into C,H;NH, and CH,COO. In view of this hypothesis, 
would it not be a good plan to try the conductivity of picric acid in benzene? 
Benzene picrate exists in solution and it would certainly be a very surprising 
phenomenon if it should be an electrolyte. As it would take you but a little 
while to settle the question one way or the other, it would seem worth while to 
make the determinations.’’ Among many other tests, the results of which have 
not been published, we had tried the conductivity of picric acid in benzene some 
weeks before Prof. Bancroft’s letter arrived, but we have again repeated the test 
with the same result that picric acid in benzene does not conduct. Not the 
slightest movement of the galvanometer needle could be observed (see plan of 
experimentation above). The result simply shows that chemical action between 
solvent and dissolved substance may take place and yet the solution formed need 
not necessarily conduct electricity. 








BOILING-POINT CURVES 


BY E. F. THAYER 


In a recent number of the Journal' I have described the 
boiling-point curve for mixtures of benzene and alcohol. Since 
then I have extended the investigation and have studied 
mixtures of chloroform and alcohol, acetone and alcohol, acetone 
and chloroform. The apparatus used was that of Orndorff and 
Cameron.? The thermometer was made by Gerhardt and was 
graduated to tenths of a degree, the scale being so large that 
hundredths could be estimated without difficulty. In all the 
determinations only a relatively short portion of the mercury 
column was out of the vapor. No correction has been applied 
for this. The boiling-points were determined at atmospheric 
pressure and efforts were made to select such times for the exper- 
iments as to have the pressure practically constant at least for 
each set of readings. The errors introduced from this source 
are believed to be unimportant. 

The alcohol used was dried over lime for two weeks and 
then distilled from it. It then stood in contact with dehydrated 
copper sulfate for some days, was decanted and distilled with a 
Hempel column. The product distilled at a constant tempera- 
ture. The first and last portions were discarded. The chloro- 
form was washed repeatedly with water in order to remove the 
alcohol, traces of which were found to remain even after long 
standing over calcium chlorid. After being washed the chloro- 
form was kept for two days in contact with calcium chlorid, 
then decanted and distilled from fresh calcium chlorid. It 
then distilled at a constant temperature. The distillate was 





' Jour. Phys. Chem. 2, 382 (1898). 
? Am. Chem. Jour. 17, 517 (1895). 
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then redistilled with a Hempel column, all distilling at 60.4°. 
The first and last portions were discarded. The acetone was 
kept in contact with calcium chlorid, for some days, then de- 
canted and distilled from fresh calcium chlorid. It distilled at 
55-25°-55-75°- It was then distilled with a Hempel column, 
the first and last portions being discarded. It distilled constantly 
at 55.7°. 

The measurements were made in the manner described in 
the previous paper. The results are given in the following 
tables, the temperatures being all uncorrected. 





TABLE I 

Alcohol and Chloroform 
Alcohol Alcohol 
percent Temp Bar percent Temp Bar 
100.00 77-86° | 744.2 | 40.05 | 63.32° 744.2 
89.13 75.61 744.2 34.62 | 62.18 744.2 
74.62 72.10 744.2 28.89 | 61.03 744.2 
7-14 | 70.19 | 744.2 l" 19.51 60.19 744.2 
57-77. | 6769 | 744.2 13.06 | 59.39 744.2 
59-92 | 65.93 744-2 7-09 59-09 744-2 
46.54 | 64.78 744.2 0.00 | 60.93 744.2 


From these figures it appears that the curve passes through a 
minimum. In order to determine the position of this minimum 
more exactly the following series of determinations was made." 





TABLE II 
Alcohol and Chloroform 
Alcohol Alcohol 
percent Temp Bar percent Temp Bar 
0.00 60.50° 732.5 9.31 58.65° 732.5 
2.60 , 59.06 732.5 14.54 59.08 732.5 
6.37 58.57 | 732-5 | 19.01 59-55 732-5 


From these data it is clear that the mixture with constant boil- 
ing-point contains about seven percent of alcohol, the boiling- 


temperature being about 58.5° under a pressure of 732.5 mm of 
mercury. 





' By F. K. Cameron. 
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TABLE III 
Acetone and Alcohol 
Acetone Acetone 
percent Temp Bar percent Temp Bar 
100.00 55.6" 742.9 45-31 63.42° 739.1 
91.82 56.58 742.9 40.86 64.22 739-1 
85.46 57-30 | 742.7 36.74 65.13 739-4 
77-43 58.39 742.7 : 30.08 66.79 739-4 
66.92 59.80 742.4 l 20.02 67.92 739.4 
60.99 60.72 742.2 17.86 70.51 739.4 
53-93 61.82 742.2 11.41 72.83 739.4 
45.50 63.29 741.9 0.00 77-70 739-4 


The boiling-point curve has neither a maximum nor a minimum 
and presents no unusual feature. 


Acetone 

percent 

100.00 
86.42 
75-96 
69.57 
63.24 | 
56.09 | 
50.38 
46.08 


Temp 


55.38" | 


56.48 
57-5! 
58.21 
58.94 
59-77 
60.47 
61.00 


TABLE IV 
Acetone and Chloroform _ 
Acetone 
Bar percent Temp Bar 
736.4 40.74 61.66° 735.8 
736.4 35-29 62.27 735.8 
736.1 29.83 62.77 735-7 
736.1 24.09 63.21 735-6 
736.1 20.34 63.32 735-5 
736.0 18.19 63.30 735-5 
735.8 9.31 62.48 735-5 
735-8 0.00 | 60.39 735-6 


Repeated fractional distillation yielded a mixture which 
boiled constantly at 63.4° under a pressure of 737.1 mm of 
mercury. By interpolation this mixture was found to contain 


approximately nineteen percent of acetone. 


The curve for ace- 


tone and chloroform, when plotted, seemed to be a trifle wavy 
near the acetone end. This was verified by the following exper- 








iments. 
TABLE V 
Acetone and Chloroform 
Acetone Acetone 
percent Temp Bar percent Temp Bar 
100.00 55-51° 740.2 67.60 58.55° | 740.2 
89.66 56.35 740.2 48.08 60.91 740.2 
80.10 57-22 740.2 43.22 61.60 740.2 
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The results given in the tables are also represented graph- 
ically in Fig. 1. The curve for benzene and alcohol is also re- 
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produced for purposes of comparison. In the diagram the ordi- 
nates are temperatures and the abscissas are percentage composi- 
tions by weight. To avoid confusion the curves are labelled 
and the substance for which the left-hand ordinate denotes one 
hundred percent is placed first. The chloroform and alcohol 
curve is distinctly 'wavy near the alcohol end; the acetone and 
chloroform is wavy, though not markedly so, at the acetone 
end.' The curve for benzene and alcohol cuts the curve for 
chloroform and alcohol in spite of the difference between the 
boiling-points of benzene and chloroform. 

Lehfeldt? has recently determined the pressure-concentra- 
tion curve for benzene and alcohol at 50°. He finds that the 
solution having the highest vapor-pressure contains twenty- 
seven to twenty-eight percent of alcohol. This differs a good 
deal from my value of thirty-three and one-half percent at 66.5°. 


' The waviness of the curves does not show perceptibly in the cut owing 
to the smallness of the scale. 


? Phil. Mag. [5] 46, 42 (1898). 
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While it is not impossible that the position of the maximum 
should be displaced six percent by a change in temperature of 
16.5°, this is so much in excess of the displacement observed 
with aqueous solutions of the halid acids that it seems more 
reasonable to attribute some of the difference to experimental 
error. This seems the more probable because the curve in this 
particular case happens to be so flat that it is not easy to deter- 
mine the position of the maximum by interpolation. In my 
experiments the solution having the minimum boiling-point was 
determined by means of fractional distillation, thus eliminating 
the necessity for interpolation. 

The experimental work described in this paper was carried 
out under the supervision of .Dr. Frank K. Cameron. The 
general results of the investigation are : 

1. A mixture of benzene and alcohol containing 33.5 per- 
cent. of alcohol distils without change at 66.7° under a pressure 
of 737 mim of mercury. 

2. A mixture of chloroform and alcohol containing about 7 
percent of alcohol distils without change at 58.5° under a pres- 
sure of 732.5 mm of mercury. 

3. A mixture of chloroform and acetone containing about 
Ig percent of acetone distils without change at 63.4° under a 
pressure of 737.1 mm of mercury. 

4. The boiling-points of all mixtures of alcohol and acetone 
lie between the boiling-points of pure alcohol and pure acetone. 

Cornell University 
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REVERSIBLE REACTIONS 


BY JOHN WADDELL 


In a paper by Walker and Hambly’ on the conversion of 
ammonium cyanate into urea they state that it is capable of easy 
mathematical proof that in a reverszb/e monomolecular reaction 
the form of the differential equation is the same as in the case 
of a reaction running to the end in one direction, the difference 
being that the equilibrium point is used instead of the original 
active mass. In the ordinary nomenclature instead of the 
- = k(E—-x). 
Walker and Hambly do not show the relationship between £ and 
k&, but merely by integration obtain the equation 


ax . 
formula 7 - ki A — x) the formula to be used is 


log = const. 


They found that in the case in hand the values obtained were 
not constant and they therefore proceeded to calculate the con- 
stant on the basis of the reaction being bimolecular, simply re- 
marking “neglecting as in the previous case the slow reverse 
action by taking the value of the end point as the original active 


mass we find the expression = sag is indeed constant”. 

In another paper I have given a mathematical proof of the 
first statement which holds strictly no matter where the point of 
equilibrium may be, but in endeavoring in the same way to con- 
firm the formula for a reverse bimolecular reaction I found that 
I could not do so. In trying to discover in what manner Walker 
and Hambly arrived at their conclusion the following mode of 
treating the subject occurred to me. 

Assuming that the equations suggested are correct, let us 





' Jour. Chem. Soc. 67, 753 (1895). 
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find what conditions must be fulfilled. For a reversible mono- 
molecular reaction the equation is 


d 
“ =k (A—x) —&,x, 


where & and &, are the reaction velocities in the two directions. 
But according to the assumption 


dx 


where € is the equilibrium point and &, is some constant so far 
unknown. We have therefore 

k(A — x) —kx = k,(&E — x) 
or 

kA — kx — kx = khE— kx. 
Equate coefficients of like power of 2 and we have 

kA — k,é and k, + k, — k,. 

It remains to be seen whether these equations are consistent and 


for this purpose we may make use of the relation between 4, and 
k, obtained from the conditions of equilibrium where 


k(A—£)—kE= =o 


since at equilibrium the rate of change is zero. This equation 
gives 
kA=(k,+ &,)E 
which exactly coincides with the value obtained from the two 
equations of condition. It follows therefore that in this case our 
assumption is completely justifiable. 
In the simplest case of a reversible bimolecular reaction we 


have 
ax 


at 


k, (A —x)* —k,x* 
— k(é bam x)* 
according to our assumption. Expanding 


k,A*— 2k, Ax + k,x* — ky? =k — 2k,bx 4+ kx? 
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whence by equating coefficients of like power of x 
k A*=k,€, 2k,A = 2k,€ and k, —k, = &,. 


" . a P 

From the first of these equations of condition ry mas and from 
k , 

the second 3 = £. This can be true only when &=A in 


3 
which case the reaction will run to the end, and when =o in 
which case the reaction will not go on at all. 

It would appear from the paper by Walker and Appleyard’ 
that while the change from ammonium cyanate into urea is con- 
sidered bimolecular the reverse action is taken as monomolecular. 
This assumes that 

Or =k (A — x)*— ke = h(E — 2)" 


from which by expanding and equating as before the equations 
of condition are 

k,At =k", 2k A+ k, = 2k, b=, 
From the first and third of these equations § = A’; therefore 
&=+ A. The negative value is meaningless; the positive 
value as in the other case means that the reaction runs to the 
end and is not reversible. 

After I had worked out the problem as above, I found that 
Ostwald’ has gone into the matter very fully and for a reverse 
monomolecular reaction gives the equation 

o = (k, + &)(C—2). 
He works out C in terms of £, &,, and A, and shows incidentally 
without laying stress upon the point that this last expression is 
equal to &. 
The reversible bimolecular equation 
dx 


cas im e. 2 
ai =k (A — x)*—kx 


may be thrown into another form which will show to what ex- 





' Jour. Chem. Soc. 67, 753 (1896). 
? Lehrbuch II, 2, 251 and ff (1897). 
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tent Walker and Hambly were wrong in their assumption. 
Expanding and arranging the powers of x 


dx » 2A kA 
dt (hy — ky) (x “Bunk” EK z) 


= (k, —h,)(x— poe (tt \ -))(*- raat “. *)) 


as may be proved by putting 


« tA, &A 


lies Sales 7 Taig 


and solving the equation. 


If a =athen 4,—k,=4(1—a) and the equation be- 


comes 


dx 


A - A 
=A — a) (x -— > 1 + a) (x ——-t1—7/a)) 


=4(1—0)(#= Sz) (*- 7477) 


=k,(1 —a)(x —&,)(* — &,), 
where & and & are the values of & obtained from the equation of 
equilibrium 





A, _ (A—6)' 
k, r= a 
from which 
te A-é 
+ \ % = VYya= z 
whence 
- A 
tTbtya 


Since the conditions of the experiment necessitate that & shall 


id A , 
be positive and not greater than A the value = —————_ is the 
I+VYa 


only possible one under the circumstances. This is the value 
designated &. Nevertheless the value & is calculable and must 
be taken into account. The equation of Walker and Hambly 











— 
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dx : 
was = k(x — &)*, where they regard £ as a constant without 


showing its relation to the velocity coefficients. This form coin- 
cides with the one above only when & = €, in which case it is 
easily seen they are both equal to A, that is the reaction is not 
a reversible one. Ostwald’ arrives at a formula which differs 
from that which I have worked out in that he has omitted the 
factor (1 — a). He quotes from Guldberg and Waage,’ but in 
modifying their form has left out the factor named. 
Integrating the expression 


dx A A 
— =k, (1 — (*— _ (x - ) =) 
at if “7 1—y’a/ 1+ Ya 
between the limits s =o and + =x and ¢=oand ¢=/ we obtain 
a(1-Ya)—A 
—¥ Si a= shy al. 
x(i+ya)—A vis 
Using ordinary logarithms we have 


(1— —A 
metre. 


— =const. 
t (1+ Ya)—A 


The following table shows the constant obtained by Walker 
and Hambly’s calculation and that worked out according to the 
preceding formula 








é 2.1 
A=25 &=22.9 E Va= 7 
Lae Ss log 7 va)—A 
t x &—zx 4 §-—zx a(i+Va)—A 
45 4.4 18.5 0.00528 | 0.000377 
72 6.5 16.4 0.00549 | 0.000389 
107 8.3 14.6 0.00529 | 0.000370 
157 | 10.1 12.8 | 0.00502 | 0.000344 
330 || «2452.3 10.6 | 0.00505 | 0.000335 
312 14.2 8.7 0.00524 0.000337 
600 | 17.2 5-7 0.00502 0.000297 
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NEW BOOKS 


Das Leitvermégen der Elektrolyte. By F. Kohlrausch and L. Holborn. 
15X22 em; pp. xvi and 211. Leipzig: B. G. Teubner, 1898. Price § 
marks. — The publication of this book marks a new era in conductivity meas- 
urements. Hence forward determinations of resistance will be given in ohms 
instead of mercury units. One of the things that has stood in the way of this 
change to a rational basis has been the mass of data already accumulated that 
had either to be recalculated or thrown away. The authors have gone to in- 
finite trouble and have recalculated everything, making such corrections as 
seemed advisable owing to errors in the standards adopted by different workers. 
The book contains a short chapter on instruments for measuring resistance ; 
an excellent and relatively long chapter on the Kohlrausch method of determin- 
ing resistances; a chapter on solutions in general, including methods of pre- 
paring and diluting solutions ; a discussion of migration, transference numbers, 
dissociation and dissociation formulas ; a statement of the conductivity in other 
solvents and a dissertation on water. There is also a chapter on temperature, 
including baths and temperature coefficients as well as one on the chemical ap- 
plications of conductivity measurements, under this head coming the analysis 
of concentrated and dilute solutions and solubility determinations. 

Seven pages of fine print are devoted to the literature of the subject and 
then come nearly seventy pages of tables. There are tabulated: specific conduc- 
tivity of aqueous solutions of salts, bases and acids at 18°; equivalent con- 
ductivity of inorganic compounds at 18° and at 25°; molecular conductivity 
of inorganic acids and bases at 25° ; equivalent conductivity of organic salts at 
25°; molecular conductivity of organic acids and bases; temperature coeffi- 
cients ; migration velocities; transference numbers; volume determinations 
with water or mercury ; stability of salts, and water of crystallization ; solubility 
of salts in water at 18°; conductivity of standard solutions; atomic weights; 
equivalent weights and electrochemical equivalents of univalent and bivalent 
ions ; Obach’s tables for the Wheatstone bridge giving ratios and the logarithms 
of the ratios; a short table of four-place logarithms. 

It is unnecessary to praise this book, for it takes the place of all that has 
been done heretofore in conductivity determinations and is therefore indispen- 
sable. The reviewer wishes, however, to call special attention to the statement 
on p. 103 that the transference numbers in general are not independent of the 
concentration. It is usually assumed that the transference numbers are inde- 
pendent of the concentration in moderately dilute solutions. A glance at the 
table on p. 201 shows that silver nitrate and possibly hydrochloric acid are 
the only substances for which the effect of concentration can be said to have 
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disappeared in tenth-normal solutions. While this may be due to experimental 
error, as is usually assumed to be the case, this has not yet been shown. 

When the second edition is issued the reviewer would suggest that the van ’t 
Hoff and Rudolphi dissociation formulas be referred to immediately after 
the Ostwald formula. It would also increase the value of the literature index if 
references were given to the pages in the book where the papers are mentioned. 
If this should not be deemed practicable there should at least be a name index. 
The absence in this edition of both name and subject index is an unfortunate 
blemish in an otherwise admirable book. Wilder D. Bancroft 


The Discharge of Electricity through Gases. Py /. J. Thomson. 13 X 19 
cm; pp. x and 203. New York: Charles Scribner's Sons, 1898. Price: 
cloth $1.00. — The popular opinion among chemists, so far as they have any 
opinion on the subject at all, is that electricity does not pass through gases in 
any proper sense of the word; but rather that it jumps. This little volume 
containing the lectures delivered by J. J. Thomson at Princeton in October of 
1896 will therefore come as a surprise and a pleasure to many. It is full of 
most interesting facts and in reading it one fluctuates between amazement that 
so much has been done without attracting the attention of chemists and sorrow 
that there should still be so little in the way of connected theory. The main 
facts are clear enough. Gases, including vapors, do not become charged by 
contact with a charged substance; nor is the passage of liquid into vapor 
accompanied by electrification. On the other hand gases given off during 
chemical reaction or during electrolysis are charged and the mean charge per 
unit mass is said to beof the same order as the charge passing with unit mass 
in an electrolytic solution. Gases can also be charged by being splashed by 
liquids. Exposure to ROntgen rays or to uranium radiation makes a gas able 
to receive a charge. We have quantitative measurements on the rate of leak 
and on the application of Ohm's law to gases; we have abundant evidence as to 
distinct electrolytic action in gases and, more interesting still, we have many 
experiments on the things that one can do with a charged gas. In many cases 
the gas will pass through glass wool or bubble through solutions without losing 
its charges, while if it is blown through the walls of a porous cup, the charge 
will stay behind. This makes very interesting reading even without the chap- 
ter on the cathode rays; but all through one feelsthe lack of a guiding hypothe- 
sis. The subject has now been developed to such an extent that it is no 
longer profitable to make scattered observations. It is interesting to study 
science as a sporting-dog hunts-birds ; but no man can become a leader unless 
he has or appears to have some goal in sight. 

The time is certainly ripe for at least a tentative hypothesis in regard to the 
discharge of electricity through gases, and while the physical chemist has, as 
yet, done little work in this field there should be no one better qualified to 
attack the problem. Whoever takes up this line of work will find this book of 
great assistance and the volume should be read with care by all interested in 
physical chemistry regardless of whether they intend to do special work in the 
subject or not. Wilder D. Bancroft 
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Die moderne Entwicklung der electrischen Principien. Py /. Rosenberger. 
15X22 cm; 170 pp. Leipzig: Johann Ambrosius Barth, 1898. Price: 
paper 3 marks, — The author is already favorably known through his history 
of physics and his life of Newton. Like these, the five lectures embodied in 
the book before us are fascinatingly written, and though popular are addressed 
to students of rather broad culture in physical science. The book is obviously 
an outgrowth from original sources, and the author’s method of presenting the 
cardinal advances in electrical science in the language of the great thinkers 
themselves is a clever accomplishment. It will be difficult to find anywhere a 
more concise and lucid presentation of the great debt which electrical science 
owes to Franklin, for instance. Franklin is so thoroughly identified with the 
lightning rod that one is apt to overlook his really great achievement : for he it 
was who propounded the first thoroughgoing theory from a modern (Maxwel- 
lian) point of view by which electrical science profited. The contributions of 
Faraday are reviewed with equal vigor; and even though these and the work of 
Maxwell are familiar to English readers, the chapters repay perusal. The book 
ends with an able discussion of the trend of modern science from dynamic to 
kinetic methods. It contends that opposed theories do not necessarily stand 
to one another in the relation of absolute truth to absolute error: that both 
rather correspond to successive stages of development, and at a given time may 
very well be in the same degree relatively true. C. Barus 


Maassanalytische Studien. Ay /ulius Wagner. 14X21 cm; 123 pp. 
Leipzig: Oskar Leiner, 1898. —The book is divided into three fairly distinct 
paris: the geueral sources of error in volumetric analysis ; standardizing iodo- 
metric solutions; the reaction between potassium permanganate and hydro- 
chloric acids in presence of ferrous salt. In the first part we find, among other 
interesting things, a discussion of the differences due to blowing out a pipette 
or letting it drain. The author is very strongly of the opinion that the require- 
ments of the Reichsanstalt are not sufficieatly rigorous with regard to the cali- 
bration of pipettes and he believes that for pipettes, burettes, and flasks the 
limit of permissible error should not exceed 0.1 percent in guaranteed instru- 
ments. The reviewer is glad to see that the use of floats in burettes is con- 
demned. In order to reduce the error in using burettes to a minimum the 
author recommends preparing standard solutions at a temperature of 20° so 
that fluctuations in temperature during measurements shall have relatively little 
effect. For normal solutions a change of temperature from 15° to 25° intro- 
duces an error of 0.2-0.3 percent, a point that is sometimes overlooked. A fur- 
ther recommendation is that burettes should be calibrated uniformly and used 
with a correction table, since an attempt to eliminate the variations in diameter 
by correspondingly irregular calibration usually introduces as much of an error 
as it eliminates, so that one gets no value for the extra cost of such instruments. 

In the second part of the book the author shows that sodium thiosulfate 
solutions can be standardized to within 0.1 percent. Potassium bi-iodate and 
potassium bromate are the best substances for this purpose ; but under no cir- 
cumstances is it safe to use either of these salts without further purification, no 
matter from whom they were bought. Potassium bichromate is not suitable 
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because it accelerates the reaction between hydriodic acid and the oxygen of 
the air so that more iodin is precipitated than should be 

The conclusions reached in the third part of this work are summed up as 
follows : 

The error in the reaction between potassium permanganate and hydro- 
chloric acid in presence of ferrous salts is probably due to the temporary forma- 
tion and rapid oxidation of a chloroferrous acid. 

Salts of chromium, cadmium, etc., produce the same result as ferrous 
salts. So also do auric and platinic chlorids. In the case of platinic chlorid it 
has been shown that chloroplatinic acid is oxidized more rapidly than hydro- 
chloric acid and has a lower decomposition voltage. Through freezing-point 
determinations the gradual formation of a chlorocadmic acid was established. 

The presence of barium chlorid introduces an error that may amount to 45 
percent. For the apparent increase in reaction velocity due to secondary reac- 
tions the author proposes the term pseudocatalysis. Wilder D. Bancroft 


Commercial Organic Analysis. Py Alfred H. Allen. Third Edition, Re- 
vised and Enlarged; Vol. 1, 16X% 23 cm; pp. xii and 557. Philadelphia : 
P. Blakiston’s Son and Co., 1898. Price: cloth $4.50.—The following 
extract from the note to the third edition of this book explains the reason for 
the publication of a new edition of this very valuable work. ‘* The last edition 
of this volume, issued in 1885, and which has been out of print for several years, 
was recently reprinted under the date of 1898, without the permission of the 
author and without revisions; and as this unauthorized reprint necessarily 
misrepresented Mr. Allen’s present views on many subjects, he determined to 
issue a revised edition immediately. While everything has been done to make 
the book up to date, the exigencies of the occasion limited the time that could 
be allotted for revision, and distance prevented submission of any manuscript or 
proof-sheets to the author’’. 

Comment on the conduct of a publishing house which would publish a 
work printed in 1885 under the date of 1898 without the author’s permission and 
entirely without revision is unnecessary here. It is to be hoped that 
American chemists will not encourage such dishonesty to the author and the 
reading public by purchasing the unauthorized edition of the book. This new 
edition of Allen’s Organic Analysis has long been needed and will be most 
heartily welcomed by every chemist, who has anything to do with the analysis 
of organic substances. Mr. Allen has furnished material for the new edition on 
the following subjects : Kjeldahl process ; proteids of wheat flour; vinegar ; 
brewing sugars ; malt substitutes ; hop substitutes and the secondary constituents 
in spirits. The work done by the American revisor has been necessarily 
limited. He has, however, done his part very well and has added information 
on the following subjects, partly from suggestions by Mr. Allen: specific 
gravity ; formaldehyde; vinegar; methyl alcohol; acetone; fusel oil; argol; 
starch ; glucose ; invert sugar; lactase; and wine. A particularly good idea of 
the American revisor was the incorporation in this edition of the processes of 
the American Association of Official Agricultural Chemists. ‘‘ Bulletin 46” of 
the Association is now out of print. It will therefore be of great advantage to 
the analytical and technical chemist to have these processes where they can 
readily be found. 
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The book is well printed and bound and is very free from errors of every 
kind. For the analytical and technical chemist the book is simply indispensa- 
ble. W. R. Orndorff 


Outlines of Industrial Chemistry. By /. H. Thorp. 15 X 23 cm; pp. xvii 
and 541. New York: The Macmillan Co., 1898. Price: cloth $3.50.—The 
treatment in a volume of this size of the large number of subjects which are 
ordinarily included under the title of Industrial Chemistry, is a difficult task 
indeed and the author is to be congratulated upon the success of his attempt. 
The first half of the book treats of the most important inorganic chemical in- 
dustries with the exception of metallurgy, which is very properly entirely 
omitted. The second half is given over to the organic industries which are 
treated quite fully with the exception of the coal-tar dyestuffs which are limited 
to seven pages of the nature of a catalogue of the various dyestuffs. One can- 
not help thinking that these pages might better have been used for some other 
purpose. 

The chemical side of the subject is very properly most strongly emphasized 
and the mechanical helps are only treated, in so far as they are necessary for an 
intelligent understanding of the various processes. The mechanical treatment 
is for the most part up to date although in some cases older machines are de- 
scribed while the more modern ones are omitted. This is especially noticeable 
in the case of burners for pyrites ‘‘smalls”’ 





where the almost obsolete Perret- 
Ollivier, Gerstenhofer, and Hasenclever-Helbig burners are discussed and the 
modern Spense, and Frasch mechanical burners are not even mentioned. 

The chemical portion is well up to date and the treatment is clear consider- 
ing the necessity for brevity, while numerous references to other sources of 
information supplement the text. 

The table of contents is worthy of mention as it is so comprehensive that it 
affords a means of determining at a glance just what is treated under each head. 
The book also contains a very satisfactory index. F. L. Kortright 


Les Recettes du Distillateur. Ay £. Fierz. 13 X 19cm; 149 pp. Paris: 
Gauthier-Villars et Fils, 1899. Price: paper 2.75 francs. —The first eighteen 
pages are devoted to a general statement. The alcohol, sugar and water used 
must all be pure and it is especially important that the sugar should not be 
bluish in color since this denotes an impurity of ultramarine which would im- 
part an odor of hydrogen sulfid to the liqueurs. A list is given of the taste and 
odor of different vegetable ingredients and detailed directions are given for 
preparing and keeping syrups, coloring matters and alcoholic extracts. The 
rest of the book is devoted entirely to formulas for preparing liqueurs, creams, 
bitters, punches and brandies. The scope of the book may be inferred from the 
fact that one hundred and fifty preparations are discussed. The author says 
that if his directions are followed exactly there will be no difficulty in 
making good liqueurs, though the best results can be obtained only by keeping 
the liqueurs at least a year. Wilder D. Bancroft 
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REVIEWS 


The objectof this department of the Journal is to issue, as promptly as possible, 


critical digests of all Journal articles that bear upon any phase of Physical Chemisiri 


General 


On thermokinetic properties of thermodynamic potentials. /. .Va/anson. 
Zeit. phys. Chem. 24, 302 (1897).—The author applies the thermokinetic 
principle to a system whose state is determined by the values of unspecified 
independent variables p; and their differential coefficients according to the 
time, and makes the same assumptions as in Zeit. phys. Chem. 21, 153 (1, 374) 
except that the ‘‘impossible and unnecessary "’ conditions that the differential 
of work is done in an exclusively reversible manner, is dropped. Consequently 
the variations of the work éw, as in the case of the heat §Q, are divided into a 
reversible and an irreversible part. In this way a general equation is obtained 
from which the general thermokinetic Lagrangian equations are directly 
deduced. Next, the variables are more specified, one being chosen as the abso- 
lute temperature 6, the other g; remaining general. The thermokinetic princi- 
ple applied to this case leads to an equation which falls into two parts one of 
which does not contain the variable @ and is termed ‘* the isothermal form of the 
thermokinetic principle "’. A general function V of g, and @ is defined, of 
which, under special assumptions, the free energy is a special case. By making 
the definite assumption that §°Q (the reversible part of §Q) is equal to 64S, the 
entropy S$ is introduced and a modified form of the isothermal thermokinetic 
principle obtained. Lastly the system is considered in which the independent 
variables are still more specialized. They are 6, the reversible part of all the 
dynamic coefficients P,° and sufficient other unspecified variables m, to com- 
pletely define the system at any moment. Application of the thermokinetic 
principle yields an equation from the three parts of which the corresponding 
Lagrangian equations are deduced. The third part contains only the variables 
m, and is termed ‘‘ the isothermal-isodynamic form of the thermokinetic prin- 
ciple’’. A general function Q analogous to V is introduced, of which, under 
special assumption the ‘‘ so-called complete thermodynamic potential’’ @ is a 
special case. The three Lagrange equations referred to above in which @ is 
introduced ‘‘ express the thermokinetic properties of this function ’’. 


” 


F. B. &. 
On some non-reversible processes. A. Wassmuth. Wied. Ann. 62, 522 
(7897).— A mathematical treatment of a system in which so-called friction and 


viscosity forces occur. As illustration of this result the representation of elec- 
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trical and magnetic phenomena by Maxwell's equations is quoted and the 
deduction of the latter given. F. B. K. 


On alterations of state in a moving system. “1. Natanson. Zeit. phys. 
Chem. 26, 285 (7898). — A lengthy mathematical investigation of the laws gov- 
erning a system consisting of two completely immiscible and mutually freely 
transformable homogeneous-phases in a state of motion. [The condition of im- 
miscibility seems, in view of the assumed ‘‘ free mutual transformation’’, to 
lack physical significance.] The treatment is based on the use of the author's 
‘*thermokinetic principle’’. At the end of the article the author gives one 
illustration of the application of the results in the case of a piece of ice partly 
dipping into a stream of water and finds that if the particles at a point in the 
surface of the water close to the line of contact with the ice have a velocity of 
one meter per second, a temperature difference of about 1/2000° must prevail near 
the line of contact. The practical application of the results to any useful 
physico-chemical problem is not obvious. PF. o 


Review : on action ata distance. PP. Drude. Wied. Ann. 62, 693 (1897). 
—‘‘ Action at a distance is said to exist between two bodies A and B spatially 
separated from each other when A exerts an action on B without other bodies 
effecting a continuous material connection between them’’. According as the 
word ‘‘ action ’’ is construed in a purely mechanical] sense or in the more gen- 
eral sense, as applying to alterations of condition, the definition of action at a 
distance will include (a) attraction of mass, forces between electrified bodies, 
forces between magnetized bodies, electromagnetic and electrodynamic action, 
or, in addition, (b) phenomena of the induced electric current (in as far as the 
current strength is characteristic for the condition of the body through which 
it flows), all phenomena of radiation (in as far, for instance, as temperature or 
chemical nature can be altered by radiation). With regard to the ‘‘ continuous 
material connection ’’, contact action may be brought about either through the 
medium of pressure or by means of impacts. 

The next section (II) is devoted (a) to a review of the speculative attempts 
to attribute action at a distance to contact action and (b) to a mathematical 
consideration of the two classes of action. From the latter point of view the 
class to which a given phenomenon belongs is simply a question of the practical 
expediency of taking as starting-point, on the one hand, a differential equation 
(or set of simultaneous differential equations), or, on the other, the inte- 
gration of such equations, the latter giving the laws of action at a distance 
between two points in space. 

Section III gives ‘‘a comparison of the properties of electromagnetic action 
and of gravitation’’. Section IV is a review of investigation on the validity of 
Newton’s law of gravitation, and Section V of the attempts to explain gravita- 
tion. The article contains excellent illustrations both of the value and of the 
worthlessness of an hypothesis. F.B.K. 


On the thermodynamics of phosphorescence. A. Wesendonck. Wied. 
Ann. 62, 706 (1897). —In such phenomena as the rise in temperature of a body 
at 1° caused by a fluorescing substance at o° the author sees no contradiction to 
the principle that heat cannot pass from a colder body to a warmer one, but 
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simply a direct heating at the cost of ‘‘ Leuchtenergie’’. It appears to him also 
‘questionable whether radiation should be treated directly as heat at all’’. 
These ideas are, however, not new ; and have been clearly set forth by Ostwald 
(Lehrbuch, 2nd ed. II, 1, 1o11), where there is an explicit warning against 
assuming that chemical energy, for instance, must first be transformed into 
heat before it can pass into the form of radiant energy. F. B. K. 


Permanent changes and thermodynamics. Correction. P. Duhem. Zeit. 
phys. Chem. 24, 666 (1897). — A correction to the above article (1. c. 22, 545) 
which leaves the result materially unaltered. F. BLK. 


Recent investigations into the numerical value of ‘‘the mechanical equiva- 
lent”. £. H. Griffiths. Nature, 56, 258 (1897). — Before a satisfactory com- 
parison between the heat developed by mechanical and electrical means is pos- 
sible, further data regarding Rowland’s mercury thermometer are necessary. 
The author gives a synopsis of results obtained in the following researches (to 
be published in America) carried out with a view to supplying this deficiency : 

1) a recalculation of Rowland’s value of the mechanical equivalent of heat in 
terms of the Paris hydrogen thermometer, by W. S. Day; (2) a comparison of 
Rowland’s mercury thermometer with Griffiths’s platinum thermometer, by C. 
W. Waidner and F. Mallory. From the results the author draws the following 
conclusions: (a) that the rate of change in the capacity for heat of water from 
10° to 25° may be considered as known with sufficient accuracy for present 
purposes; (b) that the persistent difference in the capacity for heat of water 
when determined by mechanical and electrical methods indicates a possibility 
that there is some error in one of the electrical units—and that, for example, 
an error of I in 1000 in the electrochemical equivalent of silver would account 
for nearly the whole of our present discrepancies ”’. FL BLK. 


The electrochemical equivalent of silver. Lord Rayleigh. Nature, 56, 
292 (1897).— Referring to the above article by Griffiths, Rayleigh points out 
that until 1873 an uncertainty of at least one percent existed in the value for the 
electrochemical equivalent of silver. In experiments by Mrs. Sidgwick and 
himself in 1882 an accuracy of 1/2000 was hoped for, although it would, in the 
author's opinion, ‘‘ be rash to exclude the question of an error of 1/1000.”’ 

F. BLK. 
One-Component Systems 


On the question whether the maximum tension of a vapor depends upon the 
temperature alone. S. A. Julius. Arch. néerl. (2) 1, 393 (1898). — Reviewed 
1, 596) from Kon. Akad. Wetensch. Verslag. Amsterdam, 1896-97, 295. 


Liquid hydrogen. Hampson-Dewar Controversy. Nature, 58,55, 77,125, 
174, 199, 246, 270, 292 (1898).—In Vol. 580f Nature ( p. 55) is given a short account 
of Prof. Dewar’s success in the liquefaction of hydrogen. The production of 20 
ce of liquid hydrogen was achieved by means of a large plant of the same type 
as that used for the production of a jet of hydrogen (Roy. Inst. Proc. 1896). 
‘*The yield of liquid was about one percent of the gas. The hydrogen in the 
liquid condition is clear and colorless, showing no absorption spectrum, and the 
meniscus is as well defined as in the case of liquid air. The liquid must have 
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a relatively high refractive index and dispersion, and the density must also be 
in excess of the theoretical value, viz. 0.18 to 0.12. .--’’ Helium was liquefied 
by placing a tube containing this gas in boiling hydrogen. 

In the following numbers of Nature has appeared a long discussion between 
Mr. W. Hampson and Prof. Dewar, originated by the former who claims that 
he has a right to recognition as inventor of the method used by Dewar, to whose 
assistant he had communicated the plans. Whatever may be the rights about 
this purely personal controversy —and this it is impossible to decide without 
reference to other relevant letters in Engineering and Jour. Soc. Arts—it may 
be remarked that Mr. Hampson’s letters at least are characterized by courtesy 
and fairness of language. FLBLOK. 


Liquid air at one operation. Lord Ravileigh. Nature, 58, 799 (/898).— 
teferring to the liquefaction of air by Linde and Hampson, Rayleigh makes a 
valuable suggestion in calling attention to the fact that ‘'... to allow the work 
of expansion to appear at the very place where the utmost cooling is desired, is 
very bad thermodynamics,’’ and suggests that a small turbine might be inserted 
to carry the work outside the apparatus. FB. RK. 


Two-Component Systems 


On the occlusion of oxygen and hydrogen by platinum-black, II. ZL. Joni, 
W. Ramsay and J. Shields. Zeit. phys. Chem. 25, 657 (7898). — Continuation 
of a research published in Phil. Trans. 186, 657 (1895) and Zeit. phys. Chem. 
19, 25 (1896). Owing to the invariable presence of oxygen in platinum-black 
which it is impossible to remove without destroying the absorption properties of 
the material, all previous determinations of the heat of absorption of hydrogen 
in this substance are unreliable as they include the formation of an unknown 
quantity of water. This difficulty is overcome by allowing hydrogen to be ab- 
sorbed at the ordinary temperature to convert the oxygen into water, after 
which it is pumped out at 184° and finally re-admitted to the platinum-black at 
° in an ice calorimeter. An average of four experiments gave the value 137.6 K 
per gram-molecule of hydrogen. That the heat of absorption for that part of 
the hydrogen which can be pumped out of the platinum at ordinary tempera- 
tures is the same as for the part which is not given off till the temperature 184° 
is reached disproves the existence of two separate compounds of hydrogen 
evidenced by Berthelot’s results. The latter part of the research is devoted to 
various estimations of the heat of absorption of oxygen in platinum-black. An 
average of two direct and three indirect determinations gave 176 K for one 
gram-atom. 

Incidentally the result is arrived at that practically the same volumes of 
hydrogen, carbon monoxid and sulfur dioxid are taken up by platinum-black, 
suggesting surface action as explanation of the absorption. On the other hand, 
the practical identity of the heat of absorption of oxygen with the heat of oxi- 
dation (179 K) points strongly to oxidation as the cause in this case. 


FL. BK. 


oO 


On the occlusion of hydrogen and oxygen by palladium. Z. J/ond, W. Ram- 
say, and J. Shields. Zeit. phys. Chem. 26, 109 (7898).—¥rom the absorp- 
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tion of oxygen by heated palladium-black and from the value of the heat evo- 
lution (179.2 K for one gram-atom) the authors conclude that the formation of 
an oxid PdO probably occurs. The only evidence, on the other hand, for the 
existence of a chemical combination between hydrogen and palladium is the 
approximate correspondence of the completely saturated palladium with the 
formula Pd,H,(H : Pd 1: 1.37 to 1 : 47 instead of 1.5). F. B.R. 


A simple experiment to demonstrate the Ludwig phenomenon. . Abegg. 
Zeit. phys. Chem. 26, 161 (7898). — A description of air apparatus ( with figure ) 
by which the alteration in concentration caused in the parts of a homogeneous 
solution by unequal temperature — usually known as the Soret phenomenon — 
may be conveniently and quickly demonstrated. The author has unfortunately 
omitted the dimensions of the apparatus. The relative concentrations in the 
hot and cold part of the solution are not necessarily inversely proportional to 
the absolute temperatures, as required by van ’t Hoff's interpretation, but may 
also be influenced by the fact that the coefficient of partition between hot and 
cold solvent may differ from unity, in evidence for which view the author cites 
Arrhenius’s results reviewed by himself in Zeit. phys. Chem. 26, 187. 


F. BLK. 
On the condensation of a mixture of two gases. /. 7. Kuenen. Arch. 
néerl, (2) 1, 337 (1898). = Reviewed (1, 690) from Kon. Akad. Wetensch. Ver- 


slag, Amsterdam, 1894-95, 90. 


The dissociation of water into oxygen and hydrogen in mixtures of water 
and alcohol. 2. Luther. Zeit. phys. Chem. 26, 317 (1898).— The author cal- 
culates the relative dissociation of water according to the equation 

2H,0 <=; 2H, -- O,, 
in various mixtures of alcohol and water, using the solubilities of oxygen and 
hydrogen in these solvents as measures of the active masses. The active mass 
of the water is measured by the vapor pressures. 

‘For the validity of the formula used the following are assumed to hold: 
(1) Boyle’s law in high dilution ; (2) Dalton’s law of independent partial pres- 
sures; (3) the Henry—Dalton absorption law in mixed solvents. --.’’ 

One other necessary condition the author appears to have overlooked, 
namely the validity of the sign <—> in the above equation under the conditions 
under which the solubilities were determined. To admit this would be to admit 
the unlimited simultaneous solubility of hydrogen and oxygen in water. 

F. B. K. 
Poly-Component Systems 


Experimental verification of van ’t Hoff’s constant in very dilute solutions. 
M. Wildermann. Zeit. phys. Chem. 25, 698 (7898). — Reviewed (1, 739) from 
Jour. Chem. Soc. 71, 796 (1897). 
Dalton’s law in solutions. JA/. Wildermann. Zeit. phys. Chem. 25, 7/1 
7898 \. — Reviewed (1, 742) from Jour, Chem. Soc. 71, 743 (1897). 
On the solubility of iodin in mixed solvents. 1. Pruner. Zeit. phys. 
Chem. 26, 145 (1898)—Solubility determinations of iodin in mixtures, in 
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varying proportions, of the following pairs of solvents: C,H, and CHCl,, CS, 
and CHC1,, C,H, and CCl,, CS, and CCl,, C,H;OH and CHCl,, C,H,OH and 
CHCl,, C,H,OH and H,O, C,H;OH and H,O and in solutions of potassium iodid. 
In all cases the solubility was less than that calculated from the ‘‘ rule of 
mixtures*’. It is a pity, considering the valuable nature of such data that 
the determinations were not carried out with more pretense to accuracy. 
FF. 8. K. 

A new process for obtaining high temperatures and for preparing difficultly 
fusible metals free from carbon. 7. Goldschmidt. Zeit. Elektrochemie, 4, 494 
(7898). — When aluminum is mixed with a metallic oxid and a portion of the 
mass heated to the proper temperature the oxid is reduced and the resulting 
heat causes the reaction to take place throughout the whole mass. By adding 
small quantities of an oxidizing substance, such as a peroxid, the temperature 
necessary to start the reaction is lowered. By this method it is possible to re- 
duce large masses of metals like chromium that require a temperature of about 
3000°. By taking the oxid in excess the resulting metal contains no aluminum 
and since it does not come in contact with carbon it does not contain this sub- 
stance as impurity. The method is also adapted for soldering with hard solder, 
it being a simple matter to obtain the rise of temperature necessary to fuse the 


solder. WW. D. B. 


On soluble gold. &. Zsigmondy. Zeit. Elektrochemie, 4, 546 (1898).— 
When a dilute solution of gold chlorid is made slightly alkaline and treated 
with formaldehyde, colloidal gold is obtained and the red solution can be con- 
centrated and freed partially from the other substances by dialysis. With in- 
creasing concentration the gold precipitates as black powder on the membrane, 
becoming gold color when dry. Addition of sodium chlorid or dilute acids to a 
dialyzed gold solution causes a sudden change to blue and then a precipitation 
of purplish-black gold. Fungi have the power to absorb colloidal gold. On 
mixing solutions of colloidal gold and colloidal stannic acid and precipitating 
with salt the purple of Cassius is obtained. Mercury does not act on a solution 
of colloidal gold. W. D. B. 


Osmotic Pressure and Diffusion 


Note on the kinetic theory of solutions. A.A. Noyes. Zeit. phys. Chem. 
24, 766 (7897). —A correction of a false interpretation, Ibid. 23, 61, of a state- 
ment of Nernst. F. B.K. 


Lord Rayleigh’s proof of van’t Hoff’s osmotic theorem. F. G. Donnan. 
Nature, 57, 53 (1897). — By an addition to Rayleigh’s proof (1, 607) the re- 
striction to involatile solvents is avoided. The author shows, further, that even 
the assumption of Boyle’s law for the gas is not required and that the equation 
pu — PV isa formal consequence of the distribution-law and the expressibility 
of f as an infinite power series of the density. FB. K. 


Velocities 


On the rate of saponification of the esters of polybasic acids. O. Anoblauch. 
Zeit. phys. Chem. 26, 96 (7898). —Ostwald’s theory of the saponification of 
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the esters of dibasic acids (Lehrbuch, 2nd ed., 2, Il, pp. 277-281), according to 
which the reaction may be expressed by the assumption of two stages: (1) 
formation of the salt of the ester acid; (2) formation of the complete salt is 
experimentally verified in the case of ethyl succinate and sodium hydrate for 
ordinary temperature. From the two independent differential equations ob- 
tained by applying the mass law to each stage of the reaction a relation 
between the concentrations of the alkali and ester (C,, C,) and the two equilib- 
rium constants (K,K,) is obtained. To verify thisrelation C, was determined ex- 
perimentally asa function of the time, while K, and K, were estimated respectively 
from observations of the C, near the beginning and near the end of the process, 
in both of which cases the reaction is practically an ordinary bi-molecular one. 
C. could not be determined directly but was obtained with the help of the 
aP. 
d 


equation K,C.C, from the value of K, and the graphical integration of 


C.d6 from the experiments. In that way C, was calculated and found to agree 
well with the observed values. The numbers found for K, and K, were 13.78 
and 1.462 respectively. F. BLK. 


Electromotive Forces 


Contact electricity of metals. /. Erskine-Murray. Proc. Roy. Soc. 63, 
113 (1897); Phil. Mag. (4) 45, 398 (7898). — The object of this research was 
to study and measure the variation of contact electricity of a pair of conductors, 
due to changes in the state of that portion of the surface of each conductor 
which is separated from the other conductor by an insulating medium. The 
method was the zero one of Lord Kelvin and all measurements were made 
against a standard gold plate. The potential difference increases with the de- 
gree to which the surface of the metal to be tested is polished. Thus a zinc 
plate that had been polished with glass-paper gave 0.7 volt; this difference 
rose to over one volt when the plate was burnished. Intermediate states of 
polish give intermediate values of potential. The production of thin films of 
oxids lowers the potential by amounts varying with the thickness of the film 
and approaching the yalue for oxid. This fact alone is enough to show that the 
values in Volta’s fundamental experiment are not due to the presence of oxy- 
gen. The potential difference between dry lead and lead covered with water is 
about 0.9 volt. 

The author has studied the effect of gases and of change of temperature. 
To eliminate the effect of air, a plate of copper was scratched under melted wax, 
the change being only about o.1 volt. Sodium against gold gave 3.56 volts. 
These experiments showed that when two metals were coated with the same 
non-conductor, such as wax or glass, their potential was not sensibly different 
from that of the bare metals in air and that gaseous films played no essential 
part in the phenomena. 

It is impossible to read this paper without coming to the conclusion that 
the author is observing and measuring a real phenomenon. Unfortunately the 
author does not point out the bearings of his work on the most recent hypothe- 
ses in regard to the voltaic cell. It is to be hoped that such a discussion is to 
form the basis for a second paper. The present state of things is intolerable, 
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one set of men trying to establish a certain point of view and another set trying 
to retain a conflicting hypothesis, each side scrupulously avoiding any reference 
to the experiments or arguments of the opposing group. W. D. B. 


Contact electricity of metals. Lord Kelvin. Phil. Mag.(5) 46, 82 (1898). 
~—-A discussion of Volta’s fundamental experiment in which the effect of oxid 
and of moisture is considered. Special stress is laid upon the point of view 
that the Peltier heat is a measure of the change of the electromotive force with 
the temperature and is not a measure of the contact difference between metals. 
Unfortunately there is no discussion of the state of things when a cell is on 
closed circuit. Lord Kelvin takes time to ridicule the people who believe in 
the hypothesis of De la Rive; but he ignores Faraday completely. This one- 
sided way of looking at things is the more deplorable because the experiments 
of Erskine-Murray (preceding review) make it reasonably certain that the 
potential difference between metals is not zero. This apparent narrow-minded- 
ness is not peculiar to Lord Kelvin nor to the Voltaists in general; the uphold- 
ers of the chemical theory so-called are every bit as uncompromising in their 
refusal to look at the other side of the question. W. D. B. 


Studies of decomposition voltages. F. Bose. Zeit. Elektrochemie, 5, 153 
(7898). — The best results are obtained when the potential difference is varied 
continuously and when the current is kept as low as possible. In most cases 
there was no actual break at the point where an ion separates, but this variation 
from the theoretical form is believed to be due to changes in the concentration 
at the surface of the electrode, since such a change would produce the effect 
noticed. The decomposition point is easy to determine when solids precipitate, 
but this ceases to be the case when a gas is given off. Solutions of copper salts 
show two characteristic decomposition points, the first being probably that at 


which Cu, discharges and the second the one for Cu ._-—« From silver nitrate 


solutions silver separates only as Ag . The author has studied the behavior of 
a large number of acids and finds that, in general, there are as many decompo- 
sition points as there are anions derived from the acid plus two. Thus all the 
acids (and bases) have an anodic decomposition point at 1.08 volts (measured 


against the hydrogen electrode) at which the O of the water separates and 
another at 1.67 volts where hydroxyl precipitates. In addition, nitric acid shows 


a point at 1.88 volts where NO, separates and phosphoric acid two, one at 1.96 


volts for HPO, and one at 2.18 volts for H,PO,. The oxygen electrode depolar- 
izes rapidly in the solution of a mercurous salt. W.D.B. 


An experimental contribution to the osmotic theory. IW. Nernst and E. 
Bose. Zeit. Elektrochemtie, §, 233, (7898).— According to the Nernst theory 
the potential difference between a metal and a solution depends upon the con- 
centration of that metal as ion in the solution and not upon the concentrations 
of other substances. The authors have decreased the concentration of the elec- 
trode metal as ion electrolytically by means of a second circuit. A slowly 
dropping mercury electrode was measured in sulfuric acid against an electrode 
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consisting of mercury covered with mercurous sulfate. The secondary or 
electrolytic electrodes were of platinum. A potential difference of 0.443 volt 
was obtained, showing a concentration of mercury that must be multiplied by 
10” in order to equal the concentration of mercury as ion in a solution of the 
same sulfuric acid saturated with mercurous sulfate. This electrode polarized 
with extraordinary rapidity. With a silver electrode in hydrochloric acid 
measured against silver and silver chlorid the maximum potential difference 
obtained was 0.423 volt, corresponding to a concentration of silver as ion at the 
constant electrode 1o’ times as great as at the otherelectrode. W.D. B. 


The theory of the formation of amalgams of fhe alkalies. A. Schoeller. 
Zeit. Elektrochemie, 5, 259 (1898).—Sodium and barium amalgams of differ- 
ent concentrations in sodium hydroxid and barium hydroxid solutions respect- 
ively were measured against the calomel electrode. The change of the 
electromotive force with the concentration was given very accurately by the 
formula for amalgam electrodes. This is very surprising because this is a case 
to which the formula does not apply, the heats of dilution not being zero. 

W.D. B. 


Contribution to the theory of the vapor-pressure of homogeneous mixtures. 
F. Dolezalek. Zeit. phys. Chem. 26, 321 (1898). — With a view to confirming 
Nernst's formula connecting the E. M.F. of a reversible cell with the partial 
vapor-pressure of the dissolved substances the author makes a series of deter- 
minations of the vapor-pressure over hydrochloric acid solutions (30°) and also 
of the E.M.F. of the corresponding H-Cl-gas elements. The concentrations 
range from 4.98 to 12.25 normal. The results show good agreement with the 
theory. For the weaker solutions the dynamical method was employed, the 
difficulty of accurately measuring the large volume of indifferent gas being 
overcome by the happy idea of evolving hydrogen and oxygen from a small 
electrolytic cell and determining its loss in weight. The statical method was 
employed in the more concentrated solutions. The author might perhaps have 
spared himself some trouble by making use of Allan’s determinations of vapor- 
pressure (2, 120). F. RB. K. 


Correction (Electromotive force and distribution equilibrium). 2. Luther. 
Zeit. phys. Chem. 26, 170 (1898).— An admission of Bucherer’s point empha- 
sized in the review (1, 521). The author adds that even with ‘‘ purely aqueous "’ 
solutions the constancy of the E. M.F. of elements with the same solid phase 
is not necessary, because, as is the case of CaCl,6H,O, two different solutions 
may be in equilibrium with the same hydrate. F.B. RK. 


A simple method of determining the polarization. C. Heim. Zeit. Elek- 
trochemie, 4, 527 (1898).—F¥or an electrolytic cell we have the relation 
p, —e + i.w, where pf, is the potential difference at the electrodes, e the 
electromotive force of polarization, w the resistance of the electrolyte, and 7 
the strength of a constant current. If we separate the solution into two distinct 
parts by means of a third electrode, we shall have for the potential difference 
between the electrodes, the relation £, —2e +7.w on the assumption that the re 
sistance of the third electrode is negligible. Subtracting the first equation from 
the second we have ef, — f,.. The author describes his attempts to make an 
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apparatus in which the third electrode can be inserted and taken out easily and 
quickly and yet shall separate the two solutions absolutely when in place. He 
has not yet succeeded in devising an entirely satisfactory arrangement. 


W.D.B. 


Some lecture experiments. F. W. Auster. Zeit. Elektrochemie, 4, 503 
(7898).—In the cell Cu | Cu(OH,) | KNO, | Pb(NO,), | Pb the current flows 
through the solutions from copper to lead. If the lead and lead nitrate be re- 
placed by cadmium and cadmium sulfate, the copper becomes cathode. In the 
cell Cu | CuS | KNO, | CdSO, | Cd the cadmium is cathode, but copper becomes 
cathode if the cadmium and cadmium sulfate be replaced by zinc and zinc sul- 
fate. Zinc can be made cathode by substituting potassium copper cyanid for 
the copper sulfid. It is shown how the Nernst theory applies in each case. 

W. D. B. 


Some forms of the most common galvanic cells. £. Petersen. Zeit. Elek- 
trochemte, 5, 261 (1898. ) —In the Bunsen cell replacing the nitric acid by potas- 
sium permanganate, hydrogen peroxid or lead peroxid was no improvement. 
A cell Zn | NaCl | FeCl, | C gives about 1.72 volts dropping to 0.54 volt when 
all the ferric chlorid is reduced to ferrous chlorid and iron precipitates on the 
cathode. Potassium ferricyanid may also be used instead of ferric chlorid. 

W. D. B. 


On the potential gradients at metallic electrodes during discharge by X-rays. 
C. D. Child. Wied. Ann. 65, 152 (7898). — The fall of potential from point 
to point in the air between two charged metallic plates, measured by a drop- 
electrode, may under ordinary circumstances be represented by a straight line. 
If, however, the air is made to conduct by X-rays the line becomes very much 
steeper near the electrodes, representing a rapid alteration of potential at the 
surfaces of the plates. The effect of varying the conditions, including the 
nature of the metal, was investigated. . FB. RK. 


The determination of low temperatures. GCG. W’. Meyer. Elektrochem. 
Zeit. 5, 6 (1898). — The magnetic susceptibility of iron varies with the tem- 
perature and it is proposed to use the measure of this change as a measure of 
temperature difference. The two methods proposed are the direct determina- 
tion of the magnetism and the measurement of the current induced by the 
change of magnetic induction. It is suggested that this might be valuable for 
low temperature determinations, but nothing is said as to the degree of accuracy 
to be obtained. W. D. B. 


Electrolysis and Electrolytic Dissociation 


The electrolysis of calcium chlorid solutions. F. Oette/. Zeit. Elektro- 
chemtie, 4,1 (1898). — In consequence of the work of Bischoff and Foerster on 
the same subject (2, 456) the author publishes some experiments of his own 
made in 1894. By the electrolysis of calcium chlorid solutions at ordinary tem- 
perature the author obtained about a 70 percent yield of chlorate. At 70°-95° 
the yield runs up to 80 percent; at yet higher temperatures much hypochlorous 
acid is formed. It was hoped that adding potassium chlorid to precipitate 
potassium chlorate would increase the yield, but this was not the case. Instead 
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lime or calcium oxychlorid precipitated at the cathode. The exact reason for 
this was not discovered ; but the fact remains that when there are other salts in 
the solution a precipitate is formed at the cathode. Presence of copper oxid in 
the solution causes the hypochlorite to decompose with evolution of oxygen ; 
nickel oxid works in the same way ; ferric oxid is much less disturbing, and 
lead peroxid has even less effect. 

The author considers that the formation of chlorate takes place according to 
two reactions : (1) the oxidation of hypochlorites ; (2) the direct combination of 
chlorin and oxygen at the anode. In neutral solutions the first is the main re- 
action ; in strongly alkaline the second, while both occur in slightly alkaline 
solutions. In the electrolysis of calcium chlorid solutions the first reaction is 
the more important. W. Dz. B. 


Studies on the electrolysis of the alkali chlorids. F. Winteler. Zeit. FElek- 
trochemie, 5, 10, 49, 217 (1898).—If a neutral potassium chlorid solution be elec- 
trolyzed between carbon electrodes there is always evolution of oxygen at the 
anode, decomposition of the carbon electrode and formation of hydrochloric 
acid, this last being due to the chlorin acting on the water. All of this can be 
prevented by adding hydrochloric acid to the solution; but then the yield of 
caustic alkali decreases. Since perchlorates can easily be obtained by the elec- 
trolysis of chlorates, it became a question whether perchlorate might not be 
present as impurity in commercial chlorate ; but this proved not to be the case. 
Experiments on the electrolysis of potassium chlorate in neutral solution showed 
that this salt could easily be converted completely into perchlorate, the effective 
yield decreasing with rising temperature (Cf. 2, 269). Starting with 20 and 50 
percent solutions of sodium chlorate, experiments were made to determine the 
effect of current density. Satisfactory results were not obtained until a little 
free acid was added and the solutions stirred. The current yield is over go per- 
cent until the concentration of the undecomposed sodium chlorate drops below 
Io percent provided the solution is kept cool. At the temperature of 100° there 
is more reduction than oxidation. W.D. B. 


On the electrolysis of the alkali chlorids. HY. Wohlwill. Zeit. Elektro- 
chemte, 5, 52 (898).— The author sums up his results as follows: 

1. Hypochlorite is formed when the potential difference between the anode 
and a hydrogen electrode exceeds 1.2 volts. The reaction is almost quantita- 
tive when this potential difference does not exceed 1.3 volts and is probably to 
be described by the equation 


Cl+0(+4+4-)=Cl0. 

2. An increased formation of hypochlorite takes place only when the 
potential difference exceeds 2.1 volts. It is due to a secondary chemical action 
of chlorin on the alkali. 

3. Chlorate is formed by an ion reaction made possible through the addi- 
tion of positive electricity. This reaction is, however, not the uniting of chlorin 
and hydroxy] as ions but is probably to be expressed by the equation 


2clO + OH (+ +) =HCI0, + Cl. 
The author has determined the potential-current or decomposition curves 
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for different mixtures of sodium hydroxid and sodium chlorid, finding many 
breaks. The paper furnishes an excellent example of the modern methods of 
attacking electrolytic problems, though it must be admitted that the decomposi- 
tion curves were not of great assistance in the discussion. W.D. B. 


Electrolytic reduction of paranitrotoluene to parahydrazotoluene. A. F/ds. 
Zeit. Elektrochemie, 4, 499 (7898).—It is possible to use currents of 10-20 
amp/qdm in the reduction of nitro compounds to azo substances and currents of 
2-6 amp/qdm in the reduction of nitro compounds to hydrazo substances. Ina 
lecture experiment the author reduced 10 g of p-nitrotoluene to p-hydrazotolu- 
ene in fifty minutes. The experiment with f-nitrotoluene is an especially good 
one because the hydrazotoluene is sparingly soluble and does not oxidize so 
readily in the air as do many of the hydrazo compounds. W.D. B. 


On the electrolytic reduction of aromatic nitro compounds to azo and hydrazo 
substances. A. Flbs and O. Kopp. Zeit. Elektrochemte, 5, 708 (1898).— 
Working with aqueous alcohol at the boiling-point and adding sodium acetate 
instead of sodium hydroxid, it is possible to use currents of 8-16 amp/qdm. The 
conditions are given for preparing azobenzene, hydrazobenzene, 0-azotoluene, 
p-azotoluene, p-hydrazotoluene, f-azo-o-xylene, p-hydrazo-o-xylene, m-diamido- 
azobenzene, -diamidohydrazobenzene, m-diamidobenzidin. In no case does 
the yield fall below 70 percent of that required by theory and in most instances 
it is much higher. W. Dz. B. 


On the electrolytic reduction of »-nitro-f-toluidin. A. £/bs and B. Schwarz. 
Zeit. Elektrochemie, 5, 113 (189. ).—It is necessary to work with a current 
density not exceeding 4-5 amp/qdm, otherwise much m-toluylenediamin is 
formed. The m-diamido-o-azotoluene thus formed appears to melt at 145°, 
132°, 158° and intermediate temperatures. The probability is that the authors 
were struggling rather unsuccessfully with a substance having two liquid modi- 
fications. W. D. B. 


On the electrolytic indigo vat. A. Binz. Zeit. Elektrochemie, 5, 5 
(7898). —Indigo blue is ordinarily reduced to indigo white by zine dust in 
alkaline solution. When it is attempted tocarry out the operation electrolytically, 
it is found that the reduction is very incomplete. The author discovered that 
in the ordinary process there seems to be no relation between the amount of 
alkali and the amount of indigo reduced. He concluded therefore that the zinc 
acted directly on the indigo. To test this he placed the anode in one beaker 
and the cathode in another. The main reduction took place at the anode. 
With low concentrations of alkali there is very little reduction, presumably 
because of the formation of hydroxid on the electrode. With increasing con- 
centration of alkali the local reduction first increases and then decreases. 

W. D. B. 


The reduction of indigo by electrolytically precipitated zinc. A. Binz. 
Zeit. Elektrochemie, 5, 103 (1898).—To test quantitatively the difference in 
reducing power between zinc and hydrogen, the author passes the current 
through two cells arranged in series. In both the cathode consisted of a copper 
netting filling almost the entire vessel. The cathode solution consisted of in- 
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digo and sodium zincate in the first cell and of indigo and sodium hydroxid in the 
second. In the first cell no zinc precipitated on the cathode and the reduction was 
roughly fifteen times as much as in the sodium hydroxid solution. While the 
indigo is reduced quantitatively to indigotin, the yield is not quantitative be- 
cause the indigotin is decomposed to a certain extent. This part of the reac- 
tion was not studied farther. W. D. B. 


The electrolytic formation of nitrobenzene from orthonitrobenzoic acid. C-. 
Schall and R. Klien. Zeit. Elektrochemie, 5, 256 (1898).—It is stated that 
traces of nitrobenzene are formed by the electrolysis of the sodium salt of 
o-nitrobenzoic acid when dissolved in the free acid. The result was not very 
satisfactory since other decompositions took place. W. Dz. B. 


On successive reductions of nitrobenzene under definite potential differences. 
F. Haber. Zeit. Elektrochemie, 4, 506 (1898).—The author considers that 
oxidation and reduction processes depend chiefly on the potential difference 
between the solution and the electrode at which the reaction takes place. A 
platinum electrode in a solution consisting of 25 g nitrobenzene, 40 g sodium 
hydroxid, 50 g water and 350 g alcohol gave a value of 0.72 volt against a 
decinormal calomel electrode. If polarized until bubbles of hydrogen appeared 
the value rose to 1.29 volts. Inthe first experiment the current density was 
regulated so that the potential difference between the platinum electrode and 
the decinormal calomel electrode never exceeded 0.93 volt. The reaction 
products consisted almost exclusively of azoxybenzene, only traces of azoben- 
zene, hydrazobenzene and anilin being present. Special experiments showed 
that the anilin was not formed by reduction of the hydrazobenzene. It appears 
that the primary reduction product is nitrosobenzene, C,H,NO, then 8-phenyl- 
hydroxylamin. For the most part these two react, as observed by Bamberger, 
forming azoxybenzene ; a small portion of the §-phenylhydroxylamin is how- 
ever reduced to anilin. The hydrazobenzene comes from the partial reduction 
of the azoxybenzene, while the cause for the appearance of the azobenzene has 
not been worked out. 

In acid solutions the main products are azoxybenzene, p-amidophenol, 
f-phenetidin, benzidin and anilin. The first two stages are the same as in 
the alkaline reduction, nitrosobenzene and then phenylhydroxylamin. The 
two substances do not react rapidly in acid solution and therefore there is not 
so much azoxybenzene formed as in alkaline solutions. On the other hand in 
acid solutions §-phenylhydroxylamin changes readily to p-amidophenol and to 
f-phenetidin, while the hydrazobenzene formed from the azoxybenzene changes 
to benzidin. To show the formation of 8-phenylhydroxylamin the author re- 
duced nitrobenzene in aqueous acetic acid, with a high current density. 

W. D. B. 

Electrolytic preparation of a new dithiodisulfid and of some dithiodisulfids. 
C. Schall and S. Kraszler. Zeit. Elektrochemie, §, 225 (1898). — By electrol- 
ysis of substances having the general formula (RCS)SM the metal precipitates 
and there is formed the disulfid (RCS)S.S(SCR). Starting with the diethyl 
ammonium salt of diethyldithiocarbaminic acid the authors have isolated the 
tetrethylthiuramdisulfid [(C,H,;),N.CS]S.S[SC.N(C,H;),] previously obtained 
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in another way by Grodzki. Starting with C,H,;S.CSSK they have obtained the 
new substance (C,H;SC)S.S(CSC,H;). W.D. B. 


Electrolytic preparation of 8-phenylhydroxylamin. /. //aber. Zeit. Elek- 
trochemte, 5, 77 (1898). —The cathode is a spiral platinum tube which can be 
kept cool by passing water through it ; the anode is platinum foil. The anode 
solution is sulfuric acid and is placed in a porous cell. The cathode solution 
consists of 50 g nitrobenzene and 430 ce acetic acid diluted with water to S850 
ce. The current density at the anode was 0.04 amp/qdm and the temperature 
was not allowed to rise above 20°. The cathode solution was treated with ether 
and water, neutralized with magnesia, evaporated and dissolved in petroleum 
ether from which the §-phenylhydroxylamin then crystallizes. The yield is 
less than one gram. W. D. B. 


On the electrolysis of zinc chlorid solutions and on the nature of zinc mud. 
F. Foerster and O. Giinther. Zeit. Elektrochemie, 5, 16 (898 ).— There is no 
difficulty in precipitating zinc electrolytically in any desired amount from zinc 
chlorid solution provided the solution be kept slightly acid. The authors 
recommend doing this by means of a secondary circuit setting free chlorin. 
Working with basic zine chlorid solutions the authors obtained a precipitation 
of zine corresponding well with that required by Faraday’s law. Ashcroft is 
said to have obtained results fifty percent in excess of the theoretical, but this 
cannot be tested because the conditions under which he worked are not known. 
In the second half of the paper the authors discuss their theory in regard to the 
formation of zinc mud. Their idea is that it is formed only when, in addition 
to zinc, hydrogen is evolved in such quantities that zine hydroxid, basic zinc 
chlorid or basic zine sulfate precipitates at the cathode. The presence of these 
salts prevents the formation of a coherent, crystalline mass of zinc. There is 
also a discussion of the effect due to the presence of different oxidizing agents 
at the cathode. W.D. B. 


The hydrogen voltameter and its trustworthiness. //. A. Naber. Elek- 
trochem. Zeit. 5, 45 (1898).— It is claimed that, with the author’s improved 
hydrogen voltameter, there is no difficulty in measuring quantities of electricity 
with an error not exceeding one-twentieth of one percent. W. D. B. 


Some applications of the electric arc. G. Bredig. Zeit. Elektrochemie, 
4, 574 (7898). — When sparks from an oscillator pass through petroleum, the 
latter is decomposed. This is to be taken as analogous to the behavior in 
Deville’s hot-cold tube. With the electric arc under petroleum some acetylene 
is formed, Attention is called to the fact that when an arc is formed under 
pure water between metallic poles, the metallic vapors are suddenly cooled by 
the water producing finely divided particles of metals suspended in the liquid. 


W. D. B. 


On the decomposition of sulfur by electrolysis. 7. Gross. Elektrochem. 
Zeit. 5, 48 (1898). — By the electrolysis of a fused mixture of silver chlorid and 
silver sulfate the author has prepared more ‘‘bythium”’ (1, 620). Even now no 
attempt has been made to prepare bythium in quantity. The chlorid is said to 
be white, infusible and insoluble in acids and in ammonia. A new barium com- 
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pound has also been discussed and a hitherto unknown white vapor. Neither 
of these substances have been studied (See 2, 140). W.D. B. 


Purification and decolorizing of sugar solutions by ozone, by electrolysis and 
by both simultaneously. /. Peters. Zeit. Elektrochemie, 5, 265 (7898).— It 
was found that syrups were purified very much more effectively by the simul- 
taneous action of ozone and of electrolysis than by either method taken singly. 

W.D. B. 


A quantitative electrolytic method for the separation of the halogens, 
chlorin, bromin, iodin. HY. Specketer. Zeit. Elektrochemie, 4, 539 (1898).— 
To determine iodids in the presence of bromids and chlorids, the author electro- 
lyzes with a silver anode and platinum cathode under a potential difference of 
0.13 volt until the iodin has been completely converted into silver iodid, this salt 
being then weighed without removing it from the electrode. To determine 
bromids in presence of chlorids the same process is repeated under a potential 
difference of 0.35 volt. W.D. B. 


A method of separating cobalt and nickel. A. Coehn. Zeit. Elektro- 
chemie, 4, 501 (1898). — When a solution containing salts of cobalt and nickel 
is electrolyzed, cobalt peroxid is precipitated at the anode entirely free from 
nickel. This can also be used qualitatively as a test for the presence of cobalt. 

W.D. B. 

Two electrolytic methods of determining zinc. HY. Paweck. Zeit. Elek- 
trochemie, 5, 227 (.898).—An amalgamated brass netting serves as cathode 
and the electrolyte may contain sulfuric acid and sodium sulfate in addition to 


the zinc salt or sodium hydroxid and Seignette salt. Either method gives sat- 
isfactory results. W. Dz. B. 


On the electrical conductivity of potassium nitrate. /. C. H. Kramers. 
Arch. néerl. (2) 1, 455 (7898). — The author has determined the conductivity 
of all possible mixtures of water and potassium nitrate over a range of tempera- 
ture running up to 370° in the extreme case of the anhydrous salt. The specific 
conductivities at constant temperature vary with the concentration, passing 
through a maximum value. The concentration at which this maximum occurs 
(53 +1 g KNO, per 100 g solution) appears to be practically independent of the 
temperature. The curve obtained by plotting specific conductivities against 
concentrations is parabolic in form. W.D. B. 


On electrolytic conduction in rarefied gases. FL. Wiedemann and G. S. 
Schmidt. Wied. Ann. 61, 737 (1897).—A current from 1000 storage cells 
was passed through a tube so arranged that the decomposition-products of the 
contained gas could be pumped away separately from near the two electrodes 
and quantitatively estimated. Hydrochloric acid and the haloid salts of mer- 
cury were treated in this way and in all cases the amount of free halogen 
found to be less than that calculated on the assumption of Faraday’s law. 

F. B. K. 

On the constitution of mercury. C. Liebenow. Zeit. Elektrochemie, 4, 
515 (1898 ).— The conductivity of liquid mercury changes only 0.1 percent per 
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degree while solid mercury and most pure metals show a change in the con- 
ductivity of about 0.4 percent per degree. Many alloys have as low a tempera- 
ture coefficient as liquid mercury, and it is therefore concluded that this latter 
is a mixture of monatomic and polyatomic mercury. This assumption is said 
to be supported by the fact that addition of traces of other metals to mercury 
increases the conductivity. W. D. B. 


The general validity of the law of dilution. /. /. van Laar. Zeit. phys. 
Chem. 25, 79 (1898).—The author is convinced of the validity of Ostwald’s 
law of dilution in electrolytes and consequently that conductivity measurements 
give false values for the degree of dissociation a. In support of this view he 
shows that his formula for the heat of solution based on the theoretical dilution 
law yields results in closer agreeiuent with the experimental numbers than 
when the formula is arranged to suit Rudolphi’s empirical relation. He 
accounts for the anomalies in the conductivity determinations of @ by the 
alteration of the dissociation constant K owing to the rise in temperature 
caused by heat developed in the passage of the current, and under this assump- 
tion, deduces the Rudolphi-van 't Hoff relation : 

(ac)? - 
(1—a)jc 
The constant K however contains the difference of potential between the elec- 
trodes and it would be surprising, if such a dependence of the potential differ- 
ence actually exists, that it should have escaped observation. 

‘*The heat capacity of the solvent being greater than that of the single salt 
molecules and ions, the elevation of temperature of the latter will be much 
greater than that of the aqueous environment ... consequently the tempera- 
ture of the salt molecules and ions will reach a very high value’’. The ions 
are indeed long-suffering. F. 8. &. 


On hydrolytic and electrolytic dissociation. G. Platner. Elektrochem. 
Zeit. 5, 23 (7898).— It is shown that the formation of cuprous hydrid by the 
action of hypophosphoric acid on copper salts is intelligible provided we assume 
that the acid takes oxygen from cuprous hydroxid. Since metallic silveris not 
formed by the action of hypophosphoric acid on potassium silver cyanid solu- 
tion, the author concludes that silver hydroxid does not exist in the solution. 
After citing a few more cases in which hydrolytic decomposition has or has not 
taken place (Cf. 2, 402), the author proceeds to show the advantages of hydro- 
lytic dissociation over the hypothesis of electrolytic dissociation. Unfortunately 
he does not explain how hydrolytic dissociation accounts for the freezing-points 
and boiling-points of potassium hydroxid solutions. W. D. B. 


The action of solutions on the sense of taste. 1. Aah/enberg. full. 
(niv. Wisconsin, 2,7 (/898).—Hydrogen as ion has a sour taste becoming 
astringent in dilute solutions. Hydroxyl as ion has an alkaline [or soapy] 
taste. Chlorin, bromin and iodin as ions have a salty taste, that of iodin being 
the least intense. The taste of NO, as ion is slight, somewhat salty, producing 
a burning sensation in concentrated solutions. Sodium, lithium, SO, and 
CH,COO as ions are almost tasteless; potassium, magnesium, calcium and am- 
monium as ions have a bitter taste. Silver and mercury as ions have a dis- 
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tinctly ‘metallic’ taste. Silver as ion can be detected in 1/5000 solution ; mer- 
cury as ion in 7/2000 solution ; hydrogen as ion in 7/800 solution ; hydroxy] as 
ion in 2/400 solution. The taste of the other ions can be recognized readily only 
in very much more concentrated solutions, 7/5 to m/25. Acetic acid gives a much 
sourer taste than one would expect from the dissociation. 

An investigation of some organic substances showed that the intensity stood 
in a qualitative relation to the readiness with which these substances permeate 
plant and animal membranes. Colloidal substances are tasteless. Alkaloids 
have a very bitter taste and it has been shown by others that these substances 
permeate protoplasm readily and exert a strong physiological effect on the 
nerves. In regard to acetic acid the reviewer would suggest that Walden’s 
measurements on diffusion through semipermeable membranes showed that in 
some way the presence of hydrogen as ion causes other substances to pass that 
otherwise did not. It would thus be possible to get the taste of the undisso- 


ciated acid. W. Dz. B. 
Electric furnace for all styles of heating. W. Borchers. Zeit. Elektro- 

chemie, 4, 523 (1898). — A description of a furnace with detachable parts so that 

it can be used in various ways. W. D. B. 


Dielectricity and Optics 


On the absorption of short electrical waves by water. 7P. Drude. Wied. 
Ann. 65, 499 (1898). — Electrical waves from a Righi exciter were sent through 
layers of water of varying thickness and the unabsorbed energy measured by a 
coherer. The author sums up his results as follows: (1) Water shows an in- 
creasing electrical absorption for decreasing wave-length A, which is noticeable 
even in the neighborhood of A = 10 cm; (2) In the use of Herz-Righi exciters 
the wave-length may be conditioned very materially by neighboring wave- 
lengths, whereby the results may, in some cases, be strongly influenced. 

F. B. RK. 

On the absorption of ultra-red rays in doubly refracting crystals. //. 
Konigsberger. Wied. Ann. 61, 687 (1897). —The absorption of ultra-red light 
of varying wave-length by a number of crystals in directions parallel to the 
optical axes was determined bolometrically and represented in the form of 
curves. The absorption curve for the isomorphic substances baryta and celes- 
tine are similar in shape and the minimum points occur for roughly the same 
wave-lengths. It is also noticed that the absorption caused by the presence of 
slight admixtures is quantitatively different in the different directions. 

F. B.K. 

On the serial-spectra of the elements oxygen, sulfur and selenium. C. 
Runge and F. Paschen. Wied. Ann. 61, 642 (1897). — An investigation of the 
‘*serial-spectra’’ (the compound line spectra of Schuster) of the above elements. 
The serial-spectra of sulfur and selenium are obtained by heating sulfuric and 
selenic acids respectively in an atmosphere of oxygen. The oxygen is evolved 
electrolytically in the spectrum tube itself. The general result of the investi- 
gation is that oxygen, sulfur and selenium possess analogous serial-spectra, each 
consisting of three series of triplets and probably a similar set of series of trip- 
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lets and probably a similar set of series of single lines or waves. The authors 
say ‘‘It is remarkable that these more or less intense spectral lines have re- 
mained hitherto unknown, and it appears to us therefore not impossible that 
many of the lines of unknown origin observed in the sun and stars may be at- 
tributed to known elements, if the latter are brought into incandescence under 
different conditions "’. FL BLK. 


The photochemical action of turpentine. /. Sperber. Chem. Zeit. 22, No. 
go (1898).— To test the hypothesis that the action of turpentine on photo- 
graphic plates is due to rays emitted from the oil and not to the action of the 
vapor, the author made two experiments. In both, the plates were exposed to 
turpentine vapor; but in the first experiment rays from the liquid turpentine 
could strike the plates directly or by reflection while this was prevented in the 
second experiment. Complete reduction occurred in the first experiment 
while, in the second, there was reduction only at the edges of the plates, which 
had not been perfectly protected. The effect is therefore due to radiation from 
the liquid turpentine and the vapor of turpentine does not emit these rays to a 
measurable extent under the conditions of the experiment. W. Dz. B. 


Crystallography, Capillarity and Viscosity 


On the internal friction of electrolytic solutions. 7. -uler. Zeit. phys. 
Chem. 25, 536 (7898). — Extending Arrhenius’s exponential formula for inter- 
nal friction in solutions of mixed salts to the ions and undissociated molecules 
of electrolytes the author obtains the following formula: 

H = S*A’K’ 
or, for normal solutions, 
H=8"— a°K*, 
[H =internal friction, S, A, K are friction constants for the undissociated 
molecule, anion and cation respectively, 2 and y the corresponding concentra- 
tions and a the degree of dissociation. ] 

With the help of this formula and the results of Wagner’s measurements of 
viscosity the friction coefficients of a number of ions are calculated. The num- 
bers calculated from various salts for the same ion show fair agreement. A 
simple relation between the viscosity coefficients and the rates of migration of 
the ions is shown to hold approximately, except in the case of H and OH which 
form notable exceptions. The paper closes with a discussion of ‘‘ negative 
friction’. FBR. 


Determination of the specific cohesion of copper, iron, nickel and cobalt. 2. 
Herzfeld. Wied. Ann. 62, 450 (1897). — The author finds from the form of the 
solidified globules that the specific cohesion of the above metals is three times 
that of mercury. F. B.K. 
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ON THE DEMONSTRATION OF THE PHASE RULE’ 


BY PAUL SAUREL 


If the energy, entropy, volume, temperature, pressure, and 
masses of the components of a phase be denoted by ¢, 9, 2, 4, A, 
Mm, Ml, ..+, M,, it can be shown that 

de == tdyn — pdv +- pdm, + pdm, + ..+ + p,dm,,. 
If it be admitted that ¢€ is a function of the independent variables 
1, UV, M2, WM, «++, M,, it follows that 4, —f, #,, H, --+, #, are the 
first derivatives of €«. Moreover, € is a homogeneous function of 
the first degree of n, v, m,, m,, ..., m,; for, when the entropy, 
volume, and masses are increased 4-fold, the energy is also in- 
creased £-fold. Accordingly, by Euler’s theorem, 


€ = ty — pu + pm, + hm, + oes + bay 
The comparison of these two equations yields the equation: 
o = ndt — vdp +m dp, + mdp,+ -.. + m,dp, ; 


and from this equation Gibbs? concludes that there exists an in- 
tegral relation between /, 4, #,, #,, .--, #,. This conclusion is 
unwarranted ; but it is nevertheless correct, as may be shown by 
the following reasoning. € is a homogeneous function of the 
first degree of », v, m,, m,, ..., m,; its derivatives, 4, — fp, #,, 
M., +++, #,, are therefore homogeneous functions of the degree 

7 m, Mm, 


zero, that is to say they are functions of the ratios rte 
v v 


of 
m,, , . 
-++, —", If, then, from the # +- 2 equations which define 4, — £, 
< 
My Hy +++) Hm, in terms of n, v, m,, m,, ..., M,, We eliminate the 


. n m, mM, m,, . 
m+ I ratios —-, =", *, s+) oy we shall find an integral rela- 
Ul vil Vv 


' This note has already appeared, in part, in the Procés-verbaux des 
Séances de la Société des Sciences de Bordeaux. 
? Gibbs. On the Equilibrium of Homogeneous Substances, p. 143. 
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tion between A, 4, #,, mw, ---,#,. The existence of this relation 
is an essential point in Gibbs’s demonstration of the phase rule. 
The existence of the relation between /, 4, w,, My «++, M, Can 
also be established by means of the following theorem: 

If X,, X,, ..., X,, are the first derivatives of a function F 
of the independent variables x, x,, ..., ©,, so that 


adF = X,dx,+ X,dx,+ ..-+ X,dx,; 
and if, further, F be such that 
F= X,x,+ X,%,+ --- + X,4,, 
then the functions X,, X., ..., X,, are not independent, but are 
connected by an integral equation. 


For, the comparison of the two above equations yields the 
third : 


*,adX,+ *dX,+...+x,dX,,=0; 


or, as it may be written : 


- OX, . p OX, , es OX ax 
[sige tiga to + ae ee, 
+ |x Ey sg +x oXn] ax 
[. Bet tage ti + eae ee 
+] x ee x om, 4 +x OX] ax fe) 
[. Bel thy tee tage |e =o. 


As the differentials dr, dv, ..., dv, are independent, this 
equation requires that the coefficients of these differentials 
should be equal to zero; and the elimination of x, x 
from the x resulting equations yields: 


2 


OX, OX, oX,, 
<i, ° ° oe. 
dX, dX, OX» 


Ox,’ Ox,’ ""? Ox, 


OX, xX, oX,, 
dx,’ Ox,’ °’ Ox, 
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The vanishing of the Jacobian of X,, X,, ..., X, shows that 
these functions are not independent but are connected by an in- 
tegral equation. 

The application of this theorem to the functions 4, — A, x, 


M, .-+, #, Which satisfy the equations : 
de = tdn — pdv + pdm, + pdm, + «++ + p,dm.,, 
e—th— pu+ bm, + bm, + +++ + pM, 


is evident. 


Université de Bordeaux 








DISSOCIATION STUDIES, I 


BY WILDER D. BANCROFT 


In an unfinished series of papers on the equilibria of stereo- 
isomers' there has been given a discussion of some of the 
phenomena to be expected when one substance changes more or 
less completely into another in the liquid phase at a moderately 
low rate of speed. In this paper it is proposed to outline some 
of the phenomena to be expected when one substance changes 
slowly into two different substances in the liquid or vapor phase ; 
it is proposed to study the dissociation of compounds from the 
point of view of Duhem’s theory. The paper is also a continu- 
ation of a preceding one on the pressure-temperature diagrams 
for two-component systems. In Fig. 1 is given the schematic 





A t 











Fig. 1 
concentration temperature diagram for a binary system in which 
a compound exists that does not dissociate measurably into the 
components in solution. Such a system could be realized with 
acetic anhydrid and water, since acetic anhydrid must freeze at 
some temperature, and it is very improbable that acetic acid and 
acetic anhydrid form two liquid layers at any temperature. 


' Jour. Phys. Chem. 2, 143, 245 (1898). 
? Thid. 3, 1 (1899). 
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In the diagram, Fig. 1, the point A represents the melting- 
point of the component A, the point B the melting-point of the 
component B, and the point C the melting-point of the compound 
C. The curve AD is the boundary curve for component A, 
solution and vapor, DCE is the boundary curve for com- 
pound, solution and vapor, while EB is the corresponding curve 
for the component B, solution and vapor. If the compound does 
not dissociate at all, DC and EC are two curves meeting at an 
angle;* otherwise the curve has a true, rounded temperature 
maximum. The diagram has been so drawn that the compound 
melts at a higher temperature than either of thecomponents. It 
is not known whether this is necessarily the case; but it is cer- 
tainly the most common state of things. It is to be noticed that 
the concentrations, as shown in the diagram, are the analytical 
concentrations and that the amount of the compound present in 
the solution is not given. 

If the compound be supposed to dissociate in solution, the 
dissociation products will lower the partial pressure of the com- 
pound and will therefore lower its freezing-point. Since the 
amount of dissociation is fixed for each temperature, provided 
the vapor phase be infinitesimal or constant in amount, the 
freezing-point will be lowered only toa perfectly definite amount. 
There will thus be a stable melting-point corresponding to the 
stable triple-point in the case of stereoisomers. In the diagram, 
Fig. 1, this point is marked C.. Other things being equal, the 
temperature difference between C and C, will vary with the 
amount of dissociation. If the compound be sufficiently 
dissociated, the point C, may fall below the continuation of BE, 
in which case a stable melting-point is no longer possible. If 
the point C, be lowered still farther, the whole curve now 
marked DCE may lie below the extension of the curves AD and 
BE, in which case the compound cannot exist in equilibrium 
with solution. This is apparently the case with the double salt,’ 


'Cf. van der Waals. Kon. Akad. Wetensch. Verslag, Amsterdam, 1897, 





385. 


* Bauer. Zeit. phys. Chem. 18, 180 (1895). 
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HgI_ 2AglI, and with the racemate form of methyl mannosid.* 

If the rate of dissociation in solution be sufficiently low, 
the compound may be made to melt at any temperature between 
C and C,, the highest temperature being reached by rapid heat- 
ing. If we start with mixtures containing the compound and 
an excess of one of the components, we shall get melting-points 
lying on the curve DCE if we heat rapidly and melting-points 
lying on a curve passing through C_ in case we heat very slowly. 
Theoretically this new curve will cut a new curve AD, at D, at 
a temperature lower than that of D, and will cut a new curve 
BE, at E, at a temperature lower than that of E.. It is prob- 
able however that, in the large majority of cases, no serious error 
will be introduced by assuming that the same curves AD and 
BE are obtained whether we heat slowly or rapidly and that D, 
coincides with D and E, with E. We should then have the 
curve DC_E for the stable freezing-point curve and DCE as the 
limiting instable freezing-point curve, while solid, liquid and 
vapor can be realized temporarily in any part of the field CDC EC 
provided of course that the curve DCE can be realized experi- 
mentally. 

From the published data phthalic anhydrid and water ap- 
peared to be a system coming under this head. Phthalic acid 
is said by Lossen? to melt at 184°; by Ador? to melt at 203° 
when pulverized, and at 213° when in large crystals. Graebet 
says that when not heated too rapidly the melting-point is 190° - 
195°. Howe’ appears to have been misled by these discrepan- 
cies into assuming the existence of two isomeric forms of 
phthalic acid, one melting at 184° and the other at 203° or 
higher. This error has been corrected by Wheeler’ who 
attributes the variation of the melting-point, as Remsen’ had 


' Fischer and Beensch. Ber. chem. Ges. Berlin, 29, 2927 ( 1897). 
? Liebig’s Annalen, 144, 78 (1867). 

* Ibid. 164, 230 (1872). 

* Ibid. 238, 321 (1887). 

» Am. Chem. Jour. 18, 390 (1896). 

® Ibid. 18, 828 (1896). 

* Ibid. 3, 30 (1881). 
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done before him, to the formation of anhydrid and water. 
Wheeler, however, practically denies the existence of any point 
at about 184°. He says: “It is well-known that the melting- 
point of orthophthalic acid is really its decomposition point, i. e. 
the acid loses water and passes into the anhydride, the melting- 
point of the anhydride being about 128°. It would be expected 
that this decomposition might be produced at different tempera- 
tures according to the length of time the substance is heated, 
according to the quantity of the substance taken and according 
to the condition, both physical and chemical, of the sample. 
Such indeed has been found the case. It is therefore not sur- 
prising that, if phthalic acid is heated above 128°, different 
melting-points are obtained under different conditions.” This 
statement is not in accord with the theory as developed in these 
pages. The discrepancy is due to the fact that Wheeler is dis- 
cussing the changes that occur during continuous distillation 
from an open melting-point tube, for he says explicitly that “the 
acid loses water”. At the end of the experiment Wheeler has 
only phthalic anhydrid and no phthalic acid. Barring the over- 
looking of a possible eutectic point with phthalic acid and 
phthalic anhydrid as solid phases,’ this statement of Wheeler’s 
is entirely correct; but it applies only to a case of fractional dis- 
tillation and therefore throws no light on the question of a stable 
melting-point for phthalic acid. It occurred to me that the melt- 
ing-point of 184° obtained by Howe was probably the stable 
melting-point of phthalic acid, corresponding to the point C, in 
thediagram. At my request Mr. O. W. Brown made some measure- 
ments in sealed tubes, completely immersed in a sulfuric acid 
bath. In order to prevent explosions the walls of the tube 
were fairly thick. It was therefore not possible to heat as rapidly 
as might have been desired and the highest melting-point 
reached was 198° instead of 203° and over. On long heat- 
ing the melting-point dropped to 184°, but could not be 
forced lower. Although heated for several hours at 182°-183°, 


' As a matter of fact, no such eutectic point occurs ; but there is nothing 
in Wheeler's published work to show this. 
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it remained perfectly solid, melting sharply at 184°. This tem- 
perature is therefore the stable melting-point of phthalic acid 
corresponding to the point C, of the diagram. Fifty reacting 
weights of the anhydrid and 33.3 reacting weights of water 
melted completely at 190° on rapid heating and at 182° on slow 
heating. When 4.8 reacting weights of water were added to 
fifty of anhydrid the two temperatures were 173° and 156° ; 
with one of water 142° and 135°; with 0.41 reacting weight of 
water 136° and 130°; with no water 128°. Owing to the 
thermometer being outside and not inside the sealed tubes, these 
determinations are necessarily not very accurate. The most 
striking feature about these results is that the plotted curves end 
at the melting-point of phthalic anhydrid and not at a eutectic 
point. The only possible interpretation of this is that phthalic 
anhydrid and phthalic acid crystallize together to form a series 
of solid solutions. It will be shown later in this paper that this 
hypothesis" enables us to explain some experimental results ob- 
tained by Ramsay and Young that would otherwise be quite 
unintelligible. 

This formation of solid solutions takes the system, phthalic 
anhydrid and water, out of the class of two components and a 
dissociating compound ; but the theory can be applied to this 
case in exactly the same way as has been done. The only 
change to be made in Fig. 1 is to replace CDA by a curve CA 
and C,D\A by a curve C_A. 

If the curve for rapid heating ran up to the true melting- 
point of phthalic acid, 213°, if pure phthalic acid separated from 
solution and if the curve were symmetrical on both sides of the 
upper melting-point, it would be a simple matter to calculate the 
dissociation of phthalic acid at 184° by determining the concen- 
trations on the curve DCE corresponding to a temperature of 
184°. The first condition was not fulfilled in the experiments 
of Mr. Brown and the second is not fulfilled at all, so that for 
the present we are unable to estimate the amount of dissociation 


' This hypothesis is now being tested experimentally by Mr. M. R. Eber- 
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of phthalic acid at 184°. An experiment was made by Mr. 
Brown to determine whether phthalic anhydrid dissolves as such 
in water at ordinary temperatures. The reason for supposing 
that this might be possible is that metaphosphoric acid dissolves 
as such in water and then slowly takes up water, forming ortho- 
phosphoric acid." It was found, however, that the titre of the 
solutions did not vary with the time, so that there is either no 
dissociation in dilute aqueous solutions or the equilibrium is 
reached with great rapidity. Of the two the first hypothesis is 
the more probable. As yet no titrations have been made at 
high temperatures. 

As systems will undoubtedly be found in which it will be 
possible to determine the dissociation of the compound by direct 
experiment,’ it will be well to supplement the discussion of Fig. 1 
by a brief consideration of the triangular diagram for such a case. 








Fig. 2 


As in Fig. 1, A, B and C denote the melting-points of the 
components A and B and of compound C respectively. The 
lines ADC and CEB represent the state of things when the 
compound does not dissociate at all and the only solutions con- 
sist of the compound plus one or the other of the components. 


' Sabatier. Ann. Chim. Phys. (6) 18, 409 (1887). 

* In the system, amylene and acid, there is no difficulty in determining 
the amount of dissociation at 100°, but the dissociation is presumably so slight 
at the temperatures at which solid phases appear, as to make this system 
uninteresting, especially in view of the experimental difficulties that would be 
involved in a complete investigation. 
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If the three substances can be taken in any desired proportions, 
the boundary curves for the system will be represented by the 
curves DO, EO and FO, O being the quintuple point at which 
A, B and C are in equilibrium as solids with solution and vapor. 
Such a point could be realized at very low temperatures with 
acetone, chloroform, and acetonechloroform since the compound 
is not formed directly from the components nor does it dissociate 
into the components.’ If there is reversible equilibrium between 
the components and the compound the boundary curves change 
into AD.C.E,|B, the component A being solid phase along AD, 
the compound along D,C_E and the component B along EB. The 
point C, is the stable melting-point of the compound and DCE 
is a continuous curve. Since ADCEB are the limiting concen- 
trations for rapid heating and AD.C_E_B, are the concentrations 
reached after long heating, the fields between these two sets of 
curves represent the concentrations passed through as the freez- 
ing-points vary. From the triangular diagram it is apparent 
that D, can coincide with D and E, with E only when there is 
no dissociation at the temperatures connoted by those points. 
From the theorem of van Rijn van Alkemade we know that the 
temperature of D, must be lower than that of D and the tem- 
perature of E, lower than that of E. 

In considering the equilibria of stereoisomers it was shown 
that if the equilibrium in the system, liquid and vapor, were dis- 
placed by change of temperature, the freezing-point obtained by 
sudden cooling would differ from the stable freezing-point. The 
same thing will of course occur in the case of a dissociating 
compound. In the case of phthalic acid the dissociation must 
increase with rising temperature and therefore, on heating the 
solution, say to 220° and cooling suddenly, the solution should 
begin to freeze at temperatures below 184°, provided always the 
cooling can be effected more rapidly than the readjustment of 
the equilibrium. Working as Mr. Brown did with small tubes 
and the thermometer in the bath, it was of course impossible to 
distinguish such a phenomenon froma case of supercooling so this 


‘Cameron and Holly. Jour. Phys. Chem. 2, 322 (1898). 
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part of the theory was not verified experimentally. It should be 
kept in mind that the rate at which the freezing-point of the crystals 
falls from 203° or 198° to 184° is no measure of the rate at which 
equilibrium is reached in the liquid itself. It is conceivable 
that the first change might take place relatively slowly and the 
second relatively rapidly. At some future date an attempt will 
be made to determine whether the apparent freezing-point of 
phthalic acid is affected measurably by changes in the initial 
temperature of heating. 

From a study of the pressure-temperature diagrams we can 
deduce a number of interesting conclusions, some of which have 
already been tested experimentally. The case in which there is 
no dissociation either in the liquid or the vapor phase is shown 
in Fig. 3. To avoid confusion only the partial pressure curves 
are given, omitting those for the univariant systems in which 
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there is no vapor phase." H,DA is the sublimation curve for 
pure A; AH the vaporization curve for pure A; K,EB and 
BK are the corresponding curves for pure B; L,D’E’C and CL 
the same curves for the pure compound C. The temperature of 
the eutectic point with A and C as solid phases is that of the 
points D and D’, while the temperature of the eutectic point with 
B and C as solid phases is that of the points E and E’. As the 
system passes along the boundary curve from the melting-point 
of A to the first eutectic point the variation of the partial 





' The letter K, has been omitted from KBEK, and the letter L, from 
LCE/’D’L,. The two letters should be directly under H,. 
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pressure of A with the temperature is given by the curve AD; 
while the corresponding partial pressure curve for the compound 
is given by A’D’, the temperature of the point A’ being the 
same as that of the point A. As the system passes along the 
freezing-point curve from the eutectic point with A and C as 
solid phases to the melting-point of pure C the partial pressure 
curve for the compound C is represented by the line D’E’C, 
while the partial pressures of A are given by the curve DC’, the 
temperature of the point C’ being the same as that of the point 
C. Starting at C and following down to the eutectic point with 
B and C as solid phases, the partial pressure curve for C is CE’ 
while the partial pressure of B which is zero at C’ increases to 
E at the eutectic point. Along the remaining freezing-point 
curve the variation in the partial pressure of B is given by EB 
and of C by E’B’, the temperature of the point B’ being the 
same as that of the point B. Along the sublimation curve with 
A and C as solid phases the partial pressures are given by DH, 
for the component A and D’L, for the compound C. Along the 
sublimation curve with C and B as solid phases the partial pres- 
sures are represented by E’D’L, for the compound and EK, for 
the component B. It will be noticed that this diagram is merely 
the two diagrams for A and C and for C and B. In itself it is 
of no importance except as a stepping stone to the next case in 
which the compound is partially dissociated in the solution and 
in the vapor. 

In Fig. 4 we have the diagram for this case, partial pressure 
curves alone being given and the curves for univariant systems 
with no vapor phase being omitted as before. The curves 
H,DAH, K,EBK, L,D’E’CL, B’D’ and B’E’ have the same sig- 
nificance as in Fig. 3. Since the compound is dissociated to a 
certain extent, by definition, it will no longer melt at the tem- 
perature of the point C but at the lower temperature of the 
pointsC,,C, and C.. The lowering of the partial pressure of 
the compound due to the dissociation at the melting-point is 
shown by the curve L’C,. At the temperature C,, the stable 
melting-point of the compound, the partial pressures of the com- 
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ponents A and B are not zero but are represented by C, and C_ 
respectively. The curve C_M represents the partial pressures of 
the component A in the saturated vapor in equilibrium with a 
solution having the same composition asthe compound. C_N is 
the corresponding curve for the other component while CL’, as 
has already been said, gives the partial pressures of the com- 
pound under the same conditions. For the univariant system, 
solid A, solution and vapor, the partial pressures are represented 
by AD, A’D, and A’D’, for the component A, the component B 
and the compound C respectively. For the univariant system, 
solid compound, solution and vapor, the partial pressures are 
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represented by DC,E,, D,C,E and D’C,E’, the parts DC,, D,C, 
and D’C, of the three curves referring to the systems in which 
there is not an excess of the component B in the solutions, and 
the parts C_E,, CE and CE’ referring to the systems in which 
there is not an excess of the component A in the solutions. The 
curves DC_E, and D,C_E have a true rounded maximum’ at C, 
and C. Though not so drawn it is probable that the pressures 
of C, and C, are usually higher than those of D and E re- 
spectively. For the univariant systems, solid B, solution and 





' Cf. van der Waals. Kon. Akad. Wetensch. Verslag, Amsterdam, 1897, 
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vapor, the partial pressures are given by EB’, EB and E’B’, as 
before, the first referring to A, the second to B and the third to 
B. For the univariant system, solid A, solid C and vapor, the 
partial pressures are given by DH,, D,N, and D’L, while the 
partial pressures for the univariant system, solid C, solid B and 
vapor, the partial pressure curve for the component A is E,M, ; 
for the component B it is EK, and for the compound C it is E’L.. 

If we are dealing with a compound which dissociates into 
two volatile components and start with the pure compound, the 
vapor must contain the two components in equivalent quanti- 
ties. On the other hand, it is probably never the case that at 
the melting-point of the compound the two components are 
present in the vapor in exactly equivalent quantities. Such an 
occurrence would be tantamount to proof that there was no disso- 
ciation. There must therefore be some point at which the ratio 
of the components in the vapor ceases to be the same as in the 
compound. The diagram, Fig. 4, is so drawn as to bring out 
this fact clearly. At the point X the partial pressures of the 
two components are equal in the vapor in equilibrium with the 
compound. At higher temperatures this is no longer the case. 
If therefore we start with the pure compound at a temperature 
below that of the point X and allow it to vaporize to a certain 
extent, the partial pressure of each of the components will be 
represented by some point on the line XX. On raising the 
temperature the partial pressures will be represented by points 
on XX lying nearer and nearer X. When the temperature 
reaches that of the point X the compound will begin to liquefy 
and with further rise of temperature, more liquefaction will take 
place, the partial pressure of the component A being represented 
by the curve XC, and of the component B by the curve XC. 
The solid phase will disappear at some temperature between that 
of the point X and that of the points C,, C, and C, depending on 
the relative masses of the solid and the vapor phase. This point 
X has been called by van der Waals’ the “maximum tempera- 
ture of sublimation” because it is the highest temperature at 





' Arch. néerl. (2) 1, 78 (1897). 
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which the solids can be sublimed without change. Vander Waals 
deduced the existence of such a temperature from a consideration 
of his W-surface ; but the deduction, as given here, is much more 
elementary. 

If the pressure of the point X lies midway between the 
pressures of the points C, and C., the total pressure of the system 
at the maximum sublimation point will be equal to the total 
pressure of the system at the melting-point. If the point X lies 
nearer C than C,, the pressure at the maximum sublimation 
point will be a maximum. In either of these cases the curve for 
the supercooled liquid will lie below the curve for the solid. 
This has actually been observed by Ramsay and Young with 
chloral ethyl alcoholate and chloral methyl] alcoholate.*| Speak- 
ing of the methyl compound they say: “It will be noticed that 
the liquid has apparently a lower vapour-pressure than the solid. 
At 35° the vapour-pressure of the solid is 17 millims, and of the 
liquid only 10.3 millims”. With the ethyl compound the 
vapor-pressure of the supercooled liquid was found to be 9.8 mm 
at 35°, while the vapor-pressure of the solid was 24.3 mm. On 
the other hand, with chloral hydrate the curve for solid and vapor 
is so nearly a continuation of the curve for liquid and vapor 
that it is impossible, from the data, to tell where the freezing- 
point comes. 

If we consider the element of time, we can draw other more 
interesting conclusions. Referring back to Fig. 4 we see that 
the equilibrium pressure for pure compound and vapor at any 
temperature below that of the point X will be twice the pressure 
P_ of the point on XX, for that temperature plus the pressure 
P, represented by the point on C.E’D’L, for that temperature. 
The total vapor-pressure of the system for the temperature T is 
therefore P==-2P,+ P,. Suppose however that the dissociation 
takes place slowly so that equilibrium is reached slowly and 
that the vapor is removed at a fairly rapid rate. In that case we 
can have at any moment pressures varying between P, and P 
depending on the rate of dissociation and the rate of removal of 


' Phil. Trans. 177, I, 82 (1886). 
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the vapor. The easiest way of removing the vapor is by subli- 
mation or volatilization’ under diminished pressure and we 
should therefore expect to find that in systems coming under this 
head the volatilization pressures would be lower than the equilib- 
rium pressures as determined by the barometric method. We 
should also expect to find in some cases that no definite sublima- 
tion pressures would be obtained because the rates of formation 
and removal of the vapor would vary from experiment to 
experiment with the shape of the apparatus, the mass and sur- 
face of the solid taken, the temperature of the condenser and the 
rate at which heat was supplied from outside. Since slight 
variations in any of these factors would produce relatively large 
pressure changes, it would not be surprising if these disturbing 
influences were not recognized by investigators having no theory 
to guide them. 

Ramsay and Young? found that the equilibrium pressures of 
aldehyde ammonia at 29°, 40°, 50° and 60° were about 13.6, 
40.2, 83.6 and 307 mm respectively, while the corresponding 
values for the volatilization pressures were about 3.2, 7.0, 17.5 
and 531mm. Here we have a case where definite volatilization 
values are easily reached and, according to the theory, we should 
expect to find that the rate of dissociation was low. As a mat- 
ter of fact it was found necessary to wait an hour or more before 
constant readings were obtained by the barometric method. On 
the other hand, with chloral hydrate the equilibrium pressure at 
50° is just under 70 mm, while the sublimation pressure at this 
temperature was found once to be 7.4 mm and another time to 
be 42.0 mm. Similar results were obtained with chloral methyl 
alcoholate, with chloral ethyl alcoholate and with ammonium 
carbamate. In three of these cases equilibrium was reached in 
the barometric tube in times varying from two to thirty minutes, 
while the equilibrium pressures of ammonium carbamate were 





' Since sublimation curve is already in use to denote a particular boundary 
curve I shall use volatilization-pressure to denote the pressure at which the sub- 
stance volatilizes out of the distilling flask. 

* Phil. Trans. 177, I, 105 (1886). 
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not determined by Ramsay and Young. ‘The results are thus 
all in harmony with the theory. The conclusion drawn by 
Ramsay and Young was that, in these cases, no relation between 
temperature and pressure was observable. This conclusion was 
probably the only one that could have been drawn at the time 
of the experiments; but it is nevertheless erroneous. In ammo- 
nium chlorid Ramsay and Young found a compound that 
dissociates and yet gives identical volatilization and equilibrium 
pressures. In this one paper of Ramsay and Young we have 
good instances of three of the types of dissociating compounds, 
in one type the volatilization curves being identical with the 
equilibrium curves, in another the volatilization curves being 
easily determined but lying below the equilibrium curves, in the 
third there being apparently no realizable volatilization curve. 
If we can volatilize the compound at low temperatures more 
rapidly than it dissociates, so that we realize the curve L,D’E’C,, 
it is clear that on raising the temperature the compound will not 
start to melt at the temperature of the point X nor at the tem- 
perature of the point C,, but will begin to melt at some tem- 
perature between that of C, and that of C, the latter temperature 
being a limiting one only to be reached in case the vapor is re- 
moved before any dissociation takes place. With a system of 
this sort we should expect that diminishing the pressure under 
which the compound volatilizes would raise the apparent melt- 
ing-point. This has actually been observed by Raimsay and 
Young in the paper already referred to. According to the books 
chloral hydrate melts at 57°, this determination being due 
apparently to Victor Meyer." On the other hand Personne’ 
gives 50° as the melting-point, while Ramsay and Young? find 
the practically identical value of 50.8°, though they express it 
in a somewhat ambiguous form saying that “ the chloral hydrate 
began to melt* and partly liquefied at 50.8”. For our purposes it 





' Meyer and Dulk. Liebig’s Annalen, 175, 75 (1874). 

? Comptes rendus, 169, 1363 (1869). 

* Phil. Trans. 177, I, 77 (1886). 

‘ From the next paragraph it would appear as though 50.8° were a mis- 
print for 50.6°. 
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is immaterial whether the melting-point be 51° or 57°; the im- 
portant point is that no one claims a higher melting-point than 
57° under atmospheric pressure. The following results were 
obtained by Ramsay and Young in their experiments on the 
temperatures of volatilization of chloral hydrate. ‘The bulb of 
a thermometer was covered by dipping it repeatedly in melted 
chloral hydrate, and allowing it to solidify until it had acquired 
a sufficiently thick deposit. A bath of sulfuric acid was used to 
heat thetube. The temperature rose gradually; the pressure re- 
maining nearly constant. At 51.8° the substance was still per- 
fectly solid, although above its ordinary melting-point, 50.6°, 
the pressure registered 11.4 millims. The temperature then rose 
to 57° while the pressure rose to 12.3 millims; after this the 
pressure rose only 0.1 millim, while the temperature rose to 64°. 
Evenat 64° no sign of melting wastobe noticed. Theexperiment 
was then discontinued and the melting-point of the sublimed 
chloral hydrate compared with that of the portion left on the 
thermometer. It was 50.6° for both. The substances had there- 
fore undergone no change on heating. It is right to observe, 
however, that a specimen of chloral hydrate, which had been re- 
peatedly melted, and which was examined after two years, left 
on treatment with water an insoluble residue, the melting-point 
of which was above 130°. The melting-point of the residue on 
the thermometer-bulb, however, showed that it did not consist 
of this substance, which is possibly a polymeride.” 

One possible explanation of this phenomenon of the chloral 
hydrate remaining solid at 64° is to attribute it to experimental 
error on the ground that the thermometer was heated by con- 
duction and did not register the temperature of the solid. In 
view of Carnelley’s experience with ice and with mercuric 
chlorid,' the possibility of such an error cannot be denied. On 
the other hand it must be remembered that Ramsay and Young 
have had much experience in determining volatilization pres- 
sures and temperatures and it would therefore be a most extra- 


' Proc. Roy. Soc. 31, 254 (1881) ; Chem. News, 42, 130, 313 (1880) ; 45, 
39 (1882); Nature, 23, 341 (1881); Jour. Chem. Soc. 41, 317 (1882). 
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ordinary coincidence if they should make a serious error in the 
one case in which Duhem’s theory accounts satisfactorily for the 
observed facts. In another experiment in which the tempera- 
ture was raised only to 55° Ramsay and Young say: “ After this 
experiment, the chloral hydrate adhering to the bulb of the 
thermometer was carefully examined, and it was found that the 
bulb was completely coated, and that the substance was in per- 
fect contact with it. The minimum thickness was 0.8 millim, 
and the hydrate extended 12 millims below the bulb and about 
30 millims above it. The hydrate was therefore undoubtedly 
heated above its usual melting-point without melting.” 

It is unfortunate that in this particular experiment the 
temperature was not carried above 57° and also that reference is 
nowhere made in the article to the possibility of 57° being the 
temperature at which chloral hydrate melts." For all that, it 
appears reasonably certain that the heating of solid chloral 
hydrate to 64° was an actual fact and that we have here an 
actual case of the kind required by the theory in which the 
melting-point of a compound can be raised by volatilizing under 
diminished pressure.? 

The pressure-temperature diagram for a system in which 
there is complete dissociation in the vapor phase differs from 
Fig. 4, provided there is a maximum sublimation temperature, 
only by not having the curves L,D’E’C.CL, CL’, A’D’ and B’E’, 
the curves showing the partial pressures of the compound. For 
this reason it is not worth while to reproduce it here. We may 
however get a clearer idea of the relation between the maximum 
sublimation temperature and the concentration in the solution 
phase if we consider the concentration-temperature diagram for 
liquid and vapor phases. This is given in Fig. 5, the assump- 
tion being made that the compound melts at a lower tempera- 


' Experiments on the melting-point of this substance are now being car- 
ried on in my laboratory. 

? There is no reason for assuming the formation of the so-called isomeric 
chloral hydrate melting at 80°, obtained by Meyer and Dulk. Liebig’s Annalen, 
175» 5 (1574). 
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Fig. 5 

ture than the component B. This diagram alsoexpresses the facts 
for the case in which there is not complete dissociation in the vapor 
phase provided we consider equilibrium phenomena only. The 
curves AD, DCEand EB give the concentrations in the liquid phase, 
while the dotted curves AD’, D’C’E’ and E’B give the simultane- 
ous concentrations in the vapor phase. At the temperature of the 
point X the ratio of the components in the vapor is the same as 
in the compound. At all temperatures not exceeding this, the 
compound will sublime unchanged. If the temperature is raised 
above that of the point X, the solid will begin to melt forming 
at first the solution denoted by the point X. As the distillation 
goes on the system will pass along the curve XC in the direc- 
tion of C, the distillate containing relatively more of the com- 
ponent A than the compound. We have sufficient data to deter- 
nine approximately the maximum sublimation temperature for 
iodin monochlorid.*’ The stable form of this compound melts 
at 27.2°. At this temperature the ratio of chlorin to iodin in 
the vapor is 1.04, while at 15° the ratio is only 0.93. By inter- 
polation we find that the ratio is unity at 24°+ 1°. At tem- 
peratures below 24° iodin monochlorid will sublime without 
change. Between 24° and 27.2° the compound will liquefy and 
the distillate will contain relatively more chlorin than the com- 
pound. 





' Stortenbeker. Zeit. phys. Chem. 3, 11 (1889). 











— 


ean 


: 





Dissociation Studies 89 


The pressure-temperature diagram for a compound, stable 
at its melting-point, completely dissociated in the vapor and 
having no maximum sublimation temperature is given in Fig. 6. 
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The letters have the same significance as in Fig. 4.'. The dis- 
tinction between this case and the preceding one is that here the 
curves CLE, and C_E do not intersect, and there is therefore no 
temperature at which the component will sublime without 
change. This system could be realized with a hydrated salt 
stable at its melting-point. None of the hydrates of ferric 
chlorid will sublime unchanged at any temperature. Whether 
they effloresce or deliquesce depends on the temperature of the 
experiment; but in either case they lose water. From the 
diagram we see that if the temperature is below that of the 
points E and E, a second solid phase will appear. If the tem- 
perature is between that of the point E and that of the point C. 
the compound will liquefy. A maximum sublimation tempera- 
ture of a new type would be possible in case EM, were to cut 
EK... At temperatures below that of the intersection, the solid 
would sublime without change. Above the maximum sublima- 
tion temperature a second solid phase would appear. This new 





' The letter E, is missing from the curve BE,K,. 
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type of maximum sublimation temperature might also be realized 
with compounds like HgI,2AgI, which cannot exist in equilib- 
rium with any mixture of the fused components. 

The concentration-temperature diagram corresponding to 
the pressure-temperature diagram in Fig. 6 is given in Fig. 7. 














Fig. 7 


The letters have the same significance as in Fig. 5. From this 
diagram it will be seen that the ratio of the components in the 
vapor is the same as the ratio in the compound only when the 
component B is present as solid phase. There is therefore no 
maximum sublimation temperature. If we wished to indicate the 
existence or non-existence of a maximum sublimation tempera- 
ture of the second type, we could do so by drawing lines from 
D’ and E’ showing the percentage compositions of the vapors 
in equilibrium with A and C as solid phases and B and C as 
solid phases respectively. If either of these curves cut the dotted 
line through C,there would be a maximum sublimation tempera- 
ture, otherwise not. 


Another pressure-temperature diagram that we have to con- 
sider is the one for a system in which there is complete disso- 
ciation in the vapor and the compound is not stable at its melt- 
ing-point. The diagram is given in Fig. 8... As usual the 
boundary curves for pure A are represented by H,DAH and for 
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pure B by K,EBK. When the phases are solid A, solution and 
vapor the partial pressures are given by AD and A’D.; when 
the phases are solid compound, solution and vapor, the partial 
pressures are given by DE, and DE; when the phases are solid 
B, solution and vapor, the partial pressures are given by E_B’ 
and EB while DH, and D.N,, E,M, and EK, are the pairs of 
curves for the system solid A, solid compound and vapor, and 
for the system, solid B, solid compound and vapor respectively, 
the first-mentioned curve giving throughout the partial pressures 
of A and the second the partial pressures of B. This diagram 
could be realized with sodium sulfate and water. It is to be 
noticed that the curves DE, and ME, meet at an angle because 
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Fig. 8 
they refer to different univariant systems. In the case of a salt 
and water the curve B’E, will have a distinct pressure maxi- 
mum ; but that is not necessarily the case for all systems of this 
class. In all cases the metastable prolongation of B’E, will lie 
below DE,. This point has already been discussed in a preced- 
ing paper’ so that a reference here will suffice. It is to be noticed 
that a compound instable at its melting-point cannot have a 


‘Jour. Phys. Chem. 3, 1 (1899). 
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maximum sublimation temperature of the first type, though it 
may have one of the second. 

Before closing this rather long paper it will be necessary to 
consider a curious phenomenon discovered by Ramsay and 
Young. The equilibrium pressures of phthalic acid and still 
more of succinic acid, as determined by the barometric method, 
vary with the amount of acid taken. I quote what Ramsay and 
Young say about the pressures of dissociation of succinic acid in 
a barometric tube." “A very large number of experiments were 
made with this substance. In the first three series the numbers 
obtained gave, when graphically represented, curves with double 
flexure; and so long as the same amount of substance was em- 
ployed recombination at any given temperature reached the 
same point as regards pressure as did decomposition. The 
curves obtained from these series were fairly concordant. But, 
on increasing the amount of substance, the pressures for given 
temperatures were much higher, and the double flexure tended 
to disappear. With phthalic acid it is possible that the vertical? 
trend of the curve might have been due to an insufficient amount 
of substance; but this cannot have been the case with succinic 
acid. As the pressure of dissociation of succinic acid appears to 
depend on the amount of substance present, and is capable of 
being altered at will, and as the number of experiments made on 
this subject comprise several thousand readings, and lasted over 
six weeks, we content ourselves with reproducing the results in 
the form of curves. It may be generally stated that the larger 
the amount of substance the higher the pressure at which the 
double flexure appears. It may possibly be that succinic acid 
has the power of forming intermediate anhydrides of some such 
type as COOH.C,H,.CO.0.CO.C_H_,.COOH, and that its abnormal 
behavior is to be accounted for on the supposition of their exist- 
ence, but this is merely a conjecture.” 

From the plotted curves it appears that for a given tem- 
perature, differences in pressure of as much as 100 mm are to 


' Phil. Trans. 177, I, 103 (1886). 
* Ramsay and Young measure pressures along the abscissas instead of 
along the ordinates as is usually done. 
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be observed, the higher pressures corresponding to the larger 
amounts of succinic acid. These results are so very surprising 
that they must be explained. We may reject the hypothesis of 
an intermediate anhydrid at once. While we cannot prove that 
such a compound is not formed, the assumption does not help 
us in any way and may therefore be discarded as superfluous so 
far as the facts before us are concerned. The facts to be ex- 
plained are that at the same temperature different pressures are 
obtained by varying the amount of substance taken. Since we 
are dealing with a two-component system there can only be two 
phases because such a phenomenon is impossible with three 
phases. The vapor phase is certainly one of the two, and as 
the discrepancies are noticed at temperatures as low as 
80°, the other phase cannot be a liquid phase. The conclusion 
is therefore forced upon us that there is only one solid phase. 
Since the solid mass contains both succinic acid and succinic 
anhydrid, these two substances must form solid solutions. It has 
already been pointed out that Mr. Brown's data for the freezing- 
points of phthalic anhydrid and phthalic acid point to the 
formation of a series of solid solutions. Since Ramsay and Young 
find the same phenomena with phthalic acid as with succinic 
acid, there seems no reason to doubt that succinic acid and suc- 
cinic anhydrid do crystallize together,’ especially as no other 
hypothesis is possible. Assuming the formation of solid solu- 
tions, it becomes a simple matter to explain the phenomena. 
The vapor given off by succinic acid in the barometer tube con- 
sists chiefly of water. If we have a vapor phase of constant vol- 
ume a certain amount of succinic acid will be dissociated. The 
residual amount of anhydrid will be a smaller percentage of the 
total solid, the more succinic acidistaken. With large amounts 
of succinic acid we should therefore get dilute solutions of an- 
hydrid in the acid and therefore a higher vapor-pressure. This 
is exactly what was found by Ramsay and Young. Of course, 
if the vapor phase is not kept constant in amount, there will be 
minor fluctuations due to this. The smaller the vapor phase, 





' There is nothing in the crystalline forms of succinic acid and succinic 
anhydrid to make this hypothesis improbable. 
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the less water will evaporate from the solid mass and the more 
dilute will be the solid solution formed. As Ramsay and Young 
give no numerical data, it is impossible to tell whether this varia- 
tion was an important factor in their experiments or whether the 
discrepant results are to be referred solely to the variation in the 
mass of the solid phase. That, however, is a question of no 
real importance. The double flexure in the curves undoubtedly 
begins at the temperature at which the solid solution is entirely 
melted. One curious feature about the curves is that the double 
flexures occur between the temperatures of 180° and 184° while 
succinic acid melts, according to Ramsay and Young, at 181°. 
At first sight this seems to negative the explanation of the 
double flexures just offered; but this difficulty is not serious. 
The melting-point of 181° is undoubtedly, though not so stated, 
the stable melting-point of succinic acid with no vapor phase or 
a relatively small one. Under these circumstances, the disso- 
ciation products are present in the melt in equivalent quanti- 
ties. If we increase the vapor phase, water vaporizes and if 
there were no further dissociation in the solution it would 
become more dilute and the freezing-point would rise. Of course, 
as the water vaporizes more acid will dissociate; but it is quite 
conceivable that at first the diluting due to the vaporization 
might more than counterbalance the concentrating of the solu- 
tion due to the further dissociation of the acid. If the measure- 
ments of Ramsay and Young are to be taken as accurate, this 
must be the case. 

The main features of this paper may be re-stated as follows : 

1. There has been a general discussion of pressure-tempera- 
ture diagrams for two-component systems in which a compound 
is formed. 

2. Duhem’s theory of ‘permanent changes’ has been shown 
to be of great value in studying these systems. 

3. Explanations have been found for the interesting phe- 
nomena recorded by Ramsay and Young in a paper entitled 
On Evaporation and Dissociation, Part I. 


Cornell University, December, 1898 














THE ELECTROMOTIVE FORCES OF CONCENTRA- 
TION CELLS 


BY J. E. TREVOR 


The electromotive force of a concentration cell without 
diffusion is proportional to the thermodynamic temperature, only 
when the heat of dilution of its solutions, from the one concentration 
to the other, is negligibly small. In general, however, this heat 
of dilution is not negligible ; and it may be shown that the con- 
sequent departure from proportionality between electromotive 
force and temperature is determined wholly by the form of the 
heat of dilution, regarded as a function of the temperature and 
the concentrations of the two solutions of the cell. 

When the quantity of electricity € is passed through one of 
the elements of the cell, under an applied electromotive force 7 
infinitesimally greater than that developable by the element, the 
energy E of the solution in the cell is changed reversibly by the 
amount of the electric work-equivalents mde, and the thermal 
work-equivalents @dn, that are added: 


dE — de + 6dn. 


Here » represents the entropy of the solution, and @ its thermal 
potential (thermodynamic temperature). If the mass m, of the 
water in the element is varied also, the chemical work-equiva- 
lents w,dm, will be added to the change of the energy; which 
latter will therefore be, in general, 


dE = Tde +- 0dn + p,dm,. (1) 
It is hereby supposed that the mass m, of the dissolved electro- 
lyte is not varied independently. Its change is understood to be 


completely determined by the quantity of electricity passing : 
thus we have 


de =dm,a, (1a) 
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where a is the quantity of electricity associated with the dissolv- 
ing of unit #,. Eliminating de between (1) and (1a), we get 


dE = 6d + pdm, + 2 dm.,. (2) 


Here the entropy and the masses appear as our independent 
variables. But it is desirable to have the temperature and 
masses independent; and this we obtain by subtracting nd@@ from 
both sides of (2), finding 


d(E — 6n)= — nd0 + pdm, + = dm.,. (3) 


The quantity 
F — E — @n (3a) 


is Helmholtz’s ‘free energy’. It appears here, because of (3), as 
a function 


F (6, m,, m,) (4) 


of the temperature and the masses of the two independently vari- 
able components of the solution in the cell. 

The quantity E, in (3a), is also a function of these same 
variables. For we have 


E — F + 6, 
or, expressing 7 asa derivative of F, from (3), 
oF 
E=—F 
. 06 
=E(0, m,,m,). (5) 
Eliminating the entropy » between the foregoing equations 
F —E~— @6n | 
oF 
_ 7), | 
06 


and noting the results expressed in (4) and (5), we find 
3 
F(0, m,, m,) = E(@, m,, m,) + OY, F( 9, m,,m.); 


or, more simply, 
oF F E 


06—~Cté« 6° 
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Here, very fortunately, the two terms of the first member can be 
united into a single expression, by taking advantage of the fact 
that, identically, 


060 «6 (6 
For, eliminating the first members between these two equations, 
we obtain 
0 F(6. m,, m,) E(6. m,, m,) (6) 
06 © 6 6 ' 

Now, the electromotive force 7 of our single element is pro- 
portional to the m_-derivative of the function F. For, from 
(3) we have 

7 oF (7) 

a Om : 
Differentiating (6) with respect to m_,, for the purpose of getting 
7 into the relation (6), we find 


0/1 OF ) _f dE (8) 
06 ( 6 8m, 6° Om_” ‘ 
Before applying this equation (8), between 
wa and ° 
om, Om,” 


to the two elements of a concentration cell, we may note with 
advantage that these two derivatives are functions of the tem- 
perature @ and the relative mass m/m,— of the water. This 
appears as follows. Denoting by e and f the energy and free 
energy of unit mass of the solution, we have, for this mass, 


f — F(6, m,,m,) e = E(6. m,, m,) 


| | 
| 
m,+m,=1 > m+ m,=1 >} 
| | 
m,/m,=h; ) 


; m,/m,=—h; 


from which, eliminating m, and m, between the equations of 
each set, we find 


f= £(0, k). e=e(0, hk). 


Now, since 
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F(0, m,, m,) = (m, + m,)-£(0, h), ) 
E(0, m,, m,)=(m,+ m,)-e(0,4), \ 


we find, for our mass-derivatives, 


oF of dh) 
i £(0, 4) + (m, + m,) dh Om,” 
dE | | ve a | 
—™. h) + (m, +m,) dh Om.’ |} 
or, since h = m_/m,, and therefore 0//8m, = — m,m,?, we have, 
identically, 
oF oF 
Om, _ om, (8, h), (94) 
dE dE 
Om, - om, (8,4), (94) 
as stated. In equation (7), accordingly, we have 
oF 7(6, h) 
= ; (10) 


om, a 


and (8) becomes, through elimination of aF/d, between (8) 
and (10), 
3 (6, h) 3 a dE 


00° 86 Th Moai 


Integrating (11), between any fixed temperature of reference 
6 and the general value @ of the temperature, gives 





5) _ gp ay ™(G,.4) $(6,. h), (12) 
u 6, 
where 
od a dE : 
5 — FF Bag, 00 


whence it appears that the first member of (12) is independent 
of 0, and we have 


or 


1 =0.k(h) + 0.6(0, h). (13) 
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According to this equation, the electromotive force is pro- 
portional to the thermodynamic temperature when the heat of 
dilution E37, becomes negligibly small. For then the quan- 
tity @ becomes a function of / alone, and, therefore, 


mr = O[k(h) + o(A)]. 


Otherwise, the relation of the electromotive force to the temper- 
ature is the more complicated one indicated by the general equa- 
tion (13). So, the departure of the electromotive force from 
proportionality with the temperature is determined wholly by 
the form of the heat of dilution, as a function of the temperature 
and the concentration of the solution. 

A similar conclusion can be reached in regard to the electro- 
motive force 

7(0, k,) —7(0, 4.) = II (@, 4,, 4,) 

of a concentration cell, without diffusion, made up of two ele- 
ments having different values 4, and 4, of the concentration /. 
We assume 





h, > h,. 
For such a cell the fundamental equation (11) above becomes 
oE dE 
9 W(6%, 2.) Om, (8,4) — >, (8. hy) 
36° 6 s—— =" 
aoe ACG, h,. h,) 
6 (14) 


when, for brevity, we denote by A the heat of dilution 


i> 


0 /d3E\ 
"1 a ( om, j@- 
hy 
Integrating (14) from @, to 0, we find 
(6.4, h 11(0,. 4, h 
me 2) _(6,4,,4,) = ae Set, »_ 36,4, 4%), (15) 
in which the function F satisfies the relation 
oF A 


0C« (154) 
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The value of the first member of (15) being independent of the 


temperature, we may write the equation in the form 


WT 
a 


or, for the general value of the electromotive force, 


F(0, h,, h,) = K(h,, h,); (16) 


Il = 0.K(/,, h,) + 0.F(0,4,, 4,). (17) 


4 


It appears from this equation (17), as from equation (13) 
above, that the electromotive force is directly proportional to the 
thermodynamic temperature, only when the heat of dilution A 
is negligibly small. For, then, F becomes a function of the /’s 
alone, which converts the equation into 


Il = O[K(A,, 4,) + F(A, A,)). 


When A is not negligible, the relation between the electromotive 
force and the temperature is given by the more complicated 
equation (17). So, it is seen that the departure of the electromo- 
tive force from proportionality with the temperature depends 
wholly upon the form of the function 


A(O, 4,. 4). 


In order to utilize the above equation (17) for the calcula- 
tion of the electromotive forces of our concentration cells, it is 
necessary to determine, presumably from direct experiment, the 
form of the heat of dilution of the solutions of the electrolyte 
employed—the function A(@,/,,4,). For a given 4, and /,, for 
example, the observed values of A at a series of temperatures 
can be expressed as a function A(@); wherefrom, by integration, 
the corresponding value of the function F(@) is found. The 
next step will be to determine, by direct measurement, the value 
Il, of II for the given 4, and #, at any fixed temperature @ in 
the series through which the function A(@) holds good; whereby 
the data are given for determining the numerical value of K by 
means of the relation (16), 


i= Il /@,- F(@ ). 


Having this value of K, the value of the electromotive force I 
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at any temperature in the series can be calculated at once from 
the general equation (17) 

Il = 6.K a 6.F(@). 
The process may then be repeated for any other pair of values of 
A; and for any other electrolyte. 


More generally, if an empirical formula is determined for 
the heat of dilution 


A(6, h,, 4), 
for a series of values of the /’s as well as a series of the tem- 
peratures, the corresponding form of the function 
F(6, 4,, 4.) 
can be found by integration; whereupon there will remain merely 
to make some one measurement of II in order to find, by the 
relation (16), the corresponding form of the function K(/,, /,), 
K(h,, 4,) = 11,/0, — F(@,, 2,, 2,). 
Having, thus, formulas for F and K, the value of II can be cal- 
culated, for any of the temperatures and pairs of values /,, 4, for 
which the originally determined form of A(@, 4,, 4,) holds, from 
the general equation (17), 
Il = 6-K(4,,4,) + 0-F(0, h,, h,). 
The heat of dilution 


Vt» 
3 / dE 
Seer Ss (sn) 
hy 
dE dE 
dm,/a (8, 4,) — om,/a (8,4,) 


of our concentration cell will be zero if the heat of dilution be 
zero in each element : 


dE 


dE 
om, (0, h,) » inter om, (6, h,) =o , 
or if it have the same value in both elements : 


dE 3 
om, (9, 4.) = r) 


E 
rag (6, h,). 
m, 
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In either case, the electromotive force of the cell is proportional 
to the thermodynamic temperature. This result, however, is 
but a particular case of the general fact that, when the energy 
difference of two states of a system is negligibly small, the cor- 
responding difference of the free energy is proportional to the 
thermodynamic temperature. We have, namely, for the free 
energy of either state, 


oF 
F—E++@ UE 
and for the difference of the two, 
(F,—F,)=(E}—E,) +02. (F,--F); 


age 
whence, for E,— E, =0, 


F, — F, = const. x 6. 


In a recent experimental study of the electromotive forces 
of concentration cells without diffusion, Mr. Hamilton P. Cady 
has found that, in certain cases, the electromotive forces of the 
cells appear as the sum, 

h 


Il — 0-.Rlog , 7 (18) 


of the value 
h. 
h 


@.R log 


assigned by the osmotic theory for the particular case of negligi- 
bly small heat of dilution A, and the observed heat of dilution A 
itself. We may ask how the temperature @ must enter into the 
function A(@, 4,,4,) for this to be the case. Writing (18) in the 


form 
II h A 
6 R log h, ae S, (19) 
and eliminating I] @ between (19) and the general equation (16), 
fl 
, F(0, 4,, h,) =K(A,, 4,), 


we find 


ea [KU,. 4.) — RB log +] _ F(0, hh). 
6 h se 


1 














a 
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Differentiating with regard to 6, and comparing with (15a), gives 


g 00 4 oF 
— - we 
—_ 4 . 
= — et 
that is to say, 
oA 
»-™ 


or 


A=/(h,, h,). 


So the necessary condition antecedent to Mr. Cady’s result is that 
the heat of dilution A shall not contain the temperature. 
For such cases our initial differential equation (14), 
roe A 
0°68 6°’ 
integrates to 
Wo f(r, h,) , 
hatte ie = K(f,,4,), 
which is a particular case of the general integral equation (16); 
and herefrom follows, on comparing with (19), 


h 


K(/,, 4,) = R log A 


For cases such as those studied by Mr. Cady, therefore, we have 


Il Sth, h,) h, 
6 6 R log he’ 

oT 
h, 


Tl — f(h,, 2) = @-R log - 

That is to say, we discover how the /’s enter into the dzference 
of II and A, but we learn nothing about the manner in which 
the /’s enter into the heat of dilution £ 


Although we know nothing concerning the form of the 
function 


A(O, 4,, 2,), 
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yet it may be not without interest to find the shape which our 
general equation (17) 


Il= 0.K(h,, 4,) + 0-F(0, 2, 4,), (17) 
assumes under simple assumptions regarding the form of A. Let 


it be recalled that the function F(@, 4,, 4,) is defined by the rela- 
tion 


6 
A 
| Oe a = F(6, h,, h,) — F(8,, 4,, 2) 


0 


0 


+ [A(A,, h,, c) — kh, h,, €)), 


where ¢ is a numerical constant and the square bracket is zero. 


(a) Assume A=0 
Under this familiar assumption, that A contains neither 
6, h.,h,, nor a constant, the quantity 
A 
— a 
re 0 
becomes od@; whence follows 
F(0, h,, 4,) =0, 
and, from the above equation (17), 
Il — 6.K(h,, h,); (20) 


in which it may be permissible to assume that @K is identically 
R@ log (4,//,). 


(6) Assume A = f(h,, h,) 


This case has already been considered above. Under its 
supposition, that A does not contain the temperature, we have 
the quantity 


A 
— a0 


becoming 
S(h,, h.) 


ae: 





6? 
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whence 
F(0, 4,, 4,) = fb.*) 
and, from (17), 
Il = 6-K(h,, 4,) + f(A, A,), baat 


as before. If we here put 
4=f=o, 


the equation reduces to the preceding equation (20) ; as it should, 
since the former assumption is but a special case of the latter. 


(c) Assume A = f (h,, h,)-0 


If A were directly proportional to the thermodynamic tem- 
perature, we should have 


4 fih,. hy) 


— | C= — ——% - dO; 
wherefore 
F(0,4,, 4.) =—S(h,, 4,)-log 0; 
and, from (17), 
Il = 0.K(h,, 4,) —@ log 0-f(4,, h,). (22) 


If 4 were inversely proportional to the temperature, we 
should have 


A=/(h,, h,)/0; 
and, in consequence, 


h 
I =8-K(h,,4,) + — fee 2. (23) 


Corresponding to the case (a), that of zero heat of dilution, 
the temperature coefficient of the electromotive force is 


oll 

30 
which is found by differentiating (20). The temperature 
coefficient in the second case, when the heat of dilution does not 


K(%,,4,) ; (20’) 
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contain the temperature, is identical with this. In the third 
and fourth cases we find 


orl 


30 [K(%,, h,) Pa S(h,, 4,)) log O-f/(h,, h,); (22’) 
1 fh, h.) 
56° K(z%,, 4,)- —— 


From the way in which the temperature coefficient varies with 
the temperature, it may often be possible to draw some conclu- 
sion regarding the manner in which the temperature enters into 
the heat of dilution. 

It may be pointed out, in closing, that the part played by 
the heat of dilution of a solution, in the relation between the 
vapor pressure, the concentration, and the temperature of the 
solution, obviously can be investigated in a way wholly analo- 
gous to that pursued above. 


Cornell University 
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CORRECTION 


BY WILDER D. BANCROFT 


An unfortunate error has occurred in Mr. Cady’s paper on 
the Electromotive Force between Amalgams.' It is there pointed 
out that the work done in carrying one reacting weight of dis- 
solved zinc from one concentration to another is the same 
whether the zine has the formula Zn,, Zn, or Zn... While this 
is true, the quantity of electricity? necessary to transport one re- 
acting weight of Zn, is double that necessary to transport one 
reacting weight of Zn. The electromotive force of the cell in 
the case of Zn, existing in the amalgam would be one-half that 
of a cell in which Zn, existed in the amalgam.* The elec- 
tromotive force does show the degree of complexity in the 
amalgain provided the heat of dilution is zero. The responsi- 
bility for the mistake is mine. The error does not affect the 
important part of Mr. Cady’s paper. 


* Jour. Phys. Chem. 2, 554 (1898). 
* Cf. Le Blane. Electrochemistry, 159. 
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Die Erhaltung der Arbeit. By Richard Heger. 16X24 cm; pp.vi and 
305. Hannover: Helwingsche Verlagsbuchhandlung, 1896. Price: paper 
8 marks, — The author’s purpose is to describe different forms of energy, their 
transference, and their conversion into other forms, from the point of view of 
the indestructibility of energy, in a way readily understood by readers little 
conversant with mathematics and less with any science. 

The first third of the book is devoted to simple examples of mechanics, 
pulleys, levers, inclined planes, falling bodies, elastic vibrations, hydrostatics, 
water wheels, etc., such as may be found in any elementary textbook of physics. 
The next third treats of the gas laws, hot air engine and steam engine, and the 
last third consists mainly of descriptions of galvanometers and dynamos and 
elementary notions of electricity. 

Great pains are taken to employ only common expressions and to exclude 
all scientific terms and ‘ foreign words’ whenever it is possible. In principle 
this is praiseworthy, and it is not pleasant to find new words coined or borrowed 
from other languages when their equivalents already exist in one’s own, but 
new ideas often require new words and a too determined sticking to the 
vocabulary of a century ago may lead to confusion rather than clearness. The 
use of Raum instead of Volum, of Bestindige instead of Aonstant, of Fas- 
sung instead of Aapazitat, is perhaps excusable; the use of Warmedicht (on 
the plan of air-tight so here ‘heat-tight’) for adiabatic is ingenious; but it is 
decidedly disturbing to find electric ‘potential’ classed as a strange word and 
for this substituting the term Arbei/sgrad. Not much more agreeable is it to 
read of a zero needle (Nu//nadel) where an astatic needle is meant, or of 
Daniel beakers and Bunsen beakers, for Daniel cells and Bunsen cells. In one 
case at least this exaggerated determination to employ no new term has led the 
author into serious error. The word energy does not occur in the book. 
Arbeit, that is, work, is consistently substituted for it. It hardly seems neces- 
sary at this time to point out that work and energy are not interchangeable 
terms and it is a pity to be obliged to note that this error which has caused so 
much confusion in the past still survives to carry that confusion into the future. 

Attempts to prove by means of arithmetic and algebra something which 
needs the calculus always leads to a wealth of equations, but in this book alge- 
braic equations are used with appalling profusion. It is by no means easy to 
retain the meanings of the various letters to the end of some of the demonstra- 
tions. 

Some points are brought out with clearness and emphasis, for example 

















\ 


eee 


mate 





New Books 109 


that mass and weight are not one and the same thing, that time is but relative, 
and that every phenomenon of nature requires some time for its occurrence. 

In conclusion it must be said there is not a great deal in the book to inter- 
est the physical chemist as such, and what there is can be found in a more use- 
ful form, for his point of view at least, in other works. S. L. Bigelow 


Electrolysis and Electrosynthesis of Organic Compounds. By Walther 
L06b. Translated from the Second German Edition by H. W. F. Lorenz. 
13X19 cm; pp. xiii and 103. ._New York: John Wiley and Sons, 1898. 
Price: cloth $1.00. — The first German edition of this book has already been 
reviewed 1,572. The English version is a translation of the second German 
edition. The general arrangement of the work is much the same as in the first 
edition. The headings for the aliphatic series are: hydroxyl compounds ; 
ketones; acids; cyanogen compounds and compounds containing sulfur. For 
the aromatic compounds the chapters are: phenols; aldehydes and ketones; 
acids ; amido-compounds ; reduction and oxidation of nitro compounds; alka- 
loids; camphor and glucosids ; electrolysis of blood and of albumen ; electrol- 
ysis and electrosynthesis with alternating currents. Owing to the develop- 
ment of electrochemistry in the last few years, this edition contains much that 
was not in the first edition. 

On the last page of the book the author outlines his views as to the impor- 
tant points to be studied during the next few years. These are: ‘‘ The oxida- 
tion reactions which occur in the electrolysis of acids of the aliphatic series, the 
reduction reactions in the case of the aromatic series, and lastly, the reactions 
involving substitutions concerning which but few researches have been pub- 
lished’’. The translator has added a satisfactory name and subject index. 

Wilder D. Bancroft 


Les Modifications permanentes du Verre. Ay L. Marchis. 16X 25 cm; 
447 pp. Paris: A. Hermann, 1898. Price: paper 10 francs.— This book 
contains an application of Duhem’s theory of permanent changes to the change 
of the zero in thermometers, assuming both a physical and a chemical hysteresis. 
The true reading of a thermometer is obtained only when the glass is in the 
state of permanent equilibrium or ‘natural’ state. Simply bringing a ther- 
mometer to a given temperature and holding it there is an unsatisfactory way of 
reaching permanent equilibrium. The best way of obtaining this result is to 
make the temperature oscillate between certain limits. On the first heating the 
volume of the glass will change in a way that can be represented by a curve, 
the volume and temperature being the coordinates. On the first cooling the 
system passes along a second curve which does not bring the thermometer back 
to the initial volume at the original temperature. After repeated oscillations 
the system at length passes through a closed cycle intersected by the curve for 
the natural state. By bringing the two temperatures very close together the 
thermometer can be brought infinitely near the ‘natural’ state. The author 
has shown experimentally that the displacement of the zero takes place much 
more rapidly when the temperature oscillates between perceptible limits than when 
the temperature is kept as nearly constant as may be. Brillouin advanced the 
hypothesis that the displacement of the zero ina thermometer kept for a given 
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length of time at a practically constant temperature was due solely to the oscil- 
lations of the temperature, while Young claimed that the time of remaining at 
the practically constant temperature was the sole factor to be considered. 
Duhem’s theory and the experiments of Marchis decide conclusively in favor 
of Brillouin’s hypothesis. 

The book itself consists of an introduction, eight chapters, a conclusion and 
anote. The first chapter is devoted to a discussion of the thermometers, the 
thermostats and the plan of campaign. The second chapter consists of a ‘* study 
of the permanent isobaric changes in systems depending on a single normal 
variable’’. In the third chapter we find a discussion of the effect of temperature 
oscillations on the displacement of the zero. Chapter four contains a general 
study of systems depending on two variables, each showing hysteresis, while 
the next two chapters are devoted to the application of the theory to special 
problems in thermometry. The seventh chapter deals with the possibility of 
chemical modifications in the glass while the best method of treating ther- 
mometers in order to obtain accurate measurements is discussed in the last 
chapter. Inthe appended note the theory is applied to explain the behavior of 
some of the nickel steels studied by Guillaume. 

This study of thermometry is a brilliant application of Duhem’s theory to a 
very difficult problem and the volume will appeal both to those who are inter- 
ested in mathematical theory and to those who are attempting to make accurate 
thermometric measurements. It must be admitted however that the book is 
not easy reading in spite of the continual application of the theory to experi- 
mental results, and that to get real pleasure out of it calls for more enthusiasm 
or more mathematical training than chemists usually have. 

Wilder D. Bancroft 


Graham-Otto’s ausfiihrliches Lehrbuch der Chemie. /. Band; ///. Ab- 
theilung: Beziehungen zwischen physikalischen Eigenschaften und chem- 
ischer Zusammensetzung der Korper. Third, revised, edition. Herausgege- 
ben von H. Landolt. 15 X 23-m; pp. xviand 890. Braunschweig : F. Vieweg 
und Sohn, 1898. Price: 18 marks. —This third, and last, part of the third 
volume is devoted to the relations between the physical properties and the 
chemical composition of substances. The first chapter on crystalline form is by 
Arzruni and comes down to the year 1892, the later work being condensed into 
some twenty pages of notes and corrections. The second chapter on volume 
relations is by Horstmann and comes down to about 1890. The fourth and fifth 
chapters on melting-points and boiling-points are by Marckwald and were fin- 
ished about 1897. The chapter on refraction is by Rimbach and dates from the 
middle of 1897. Chapter seven on spectra was finished by G. Kriiss in 1889 
and notes added by H. Kriiss bring it down to 1895. The chapter on optical 
rotation is by Landolt and is a résumé of his book on the same subject together 
with some additions. The last chapter on electromagnetic rotation is by Schon- 
rock and was finished about May of 1898. 

The different portions of the volume thus date from different periods and 
this is obvious when one reads the work. In the discussion of solid solutions, 
for instance, we find no mention of the phase rule and consequently we do 
find a statement, p. 308, that van’t Hoff's classification of mix-crystals as 
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homogeneous solid solutions is incomprehensible ‘‘if the internal molecular 
structure is meant thereby and not that which is accessible to our crude per- 
ceptions’. Ostwald’s explanation of the difference between monotropic and 
enantiotropic substances is rejected, p. 203, only too obviously because the ex- 
planation was not understood. Though in some respects this first chapter does 
not represent the sum total of chemical knowledge in this line, it contains a 
mass of interesting material well presented and will prove invaluable to the in- 
vestigator, the lecturer and the student. Five out of the nine chapters bring 
the subjects down to the year 1897 and they are therefore free from some of the 
features that are open to criticism in the other portions of the book. The 
reviewer wishes to call especial attention to the excellence of the chapter on 
optical rotation, written by the editor, Landolt. The whole volume, however, 
is deserving of great praise and will certainly be referred to often by all who are 
really interested in real chemistry. Wilder D. Bancroft 


Handbook of Metallurgy. By Carl Schnabel. Translated by Henry 
Louis. Vol I.: Copper, Lead, Silver, Gold ; pp. xvi and 876. Vol. II: Zinc, 
Cadmium, Mercury, Bismuth, Tin, Antimony, Arsenic, Nickel, Cobalt, 
Platinum, Aluminum, pp. xiv and 732. 16X%23cm. New York: The 
Macmillan Co., 1898. Price: cloth $10.00.—¥Each chapter begins with a 
description of the physical and chemical properties of a metal, a brief discussion 
of the more important compounds, a list of the ores with reference to the 
localities in which these occur. After this introduction the author takes up the 
methods of extracting the metal from its ores. Everything is systematic and 
thorough. The metals are considered in the following order: copper, lead, 
silver, gold, zinc, cadmium, mercury, bismuth, tin, antimony, arsenic, nickel, 
cobalt, platinum and aluminum, the first volume being devoted to the first four 
metals and the second volume to the remaining eleven. 

Apart from the electrolytic methods there is much to interest the physical 
chemist. To mention only one point, the Parkes process for desilverizing lead 
by means of zinc is a beautiful illustration on a large scale of Nernst’s distribu- 
tion law. It is interesting to note in connection with this that the metallurgists 
have discovered that adding aluminum or still better magnesium increases 
the distribution ratio. So far as the reviewer is aware no experiments have yet 
been made in the laboratory on the merits or demerits of ‘shaking out’ with 
mixed solvents. While the theory of the Pattinson process has long been 
understood, it seems quite probable that there is room for further applications 
of the phase rule in making more fusible slags. 

The electrolytic processes are in many respects the most interesting to the 
theoretical chemist and it is very instructive to turn over the pages of these two 
volumes and note the increase in the use of electricity during the past few 
years, especially when we reflect that the change has only just begun. For 
instance, the author points out the difficulty in getting nickel to precipitate 
well electrolytically in any but thin layers. This has been overcome almost 
while the translation was in the press and the new separation of nickel from 
cobalt by electrolysis promises to increase the advantage of the electrolytic 
method almost to the exclusion of all others. From the theoretical point of 
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view, one is glad to see that nickel is being manufactured commercially by the 
‘carbonyl’ process. 

These two volumes are very complete and very satisfactory. It isa pleasure 
to note the appearance of such a work in English. The translator has done his 
work well and has provided an excellent index. From a scientific point of 
view the reviewer would have liked to have seen at least a footnote calling at- 
tention to the relative importance of current density and electromotive force in 
the electrolytic separation of metals. While the conditions of technical work 
differ very radically from those of the laboratory, it is always well, when possi- 
ble, to point out the scientific basis on which the ‘rule of thumb’’ method 
rests. This is but a minor blemish and will undoubtedly be corrected in the next 
edition. The book is a distinct addition to our scientific literature. 

Wilder D. Bancroft 


Ostwald’s Klassiker der exakten Wissenshaften. No. 98. Ueber das 
Benzin und die Verbindungendesselben. By Eilhard Mitscherlich (1834). 
Edited by J. Wislicenus. 39 pp. 0.70 marks. No. 100. Abhandlungen 
tiber Emission und Absorption. By G. Kirchhoff (1859-1862). Edited by 
Max Planck. 41 pp. 1 mark. Leipzig: W. Engelmann, 1898. 12 X 19cm. — 
The first of these volumes is a reprint of an article written in 1833 and published 
in the Transactions of the Berlin Academy in 1835. In it Mitscherlich showed 
how to make benzene from benzoic acid, how to convert benzene into nitro- 
benzene, and into benzene sulfonic acid, how to convert nitrobenzene into azo- 
benzene, and how to prepare benzene hexachlorid and trichlorbenzene. The 
paper is interesting as furnishing another instance of experiments the importance 
of which was not appreciated till many years later. This volume has been edited 
by J. Wislicenus. 

The three articles collected in No. 100 are the one on the Fraunhofer lines, 
the one on the connection between emission and absorption of light and heat, 
both dating from 1859, and one on the relation between the power of emission 
and the power of absorption. Of these, the contents of the first are the most 
familiar to the general public, the consequences of the hypothesis appealing 
strongly to the popular fancy. The other two articles contain the natural 
mathematical development of the idea outlined in the first. 

Wilder D. Bancroft 
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REVIEWS 


The object of this department of the Journal is to issue, as promptly as possible, 
critical digests of all Journal articles that bear upon any phase of Physical Chemistry 


General 


The position of helium, argon and crypton in the periodic system. W. 
Crookes. Zeit. anorg. Chem. 18, 72 (1898).—The author arranges. the 
elements in a figure-eight-shaped descending spiral. At the junction of the 
loops occur elements that are electrically and chemically neutral. The author 
shows that helium, argon and crypton fit in at these points and that neon and 
metargon will probably do the same. W. D. B. 


On the atomic weights of argon and helium. HY. Wilde. Comptes rendus, 
125, 649 (1897).—A discussion of argon and helium with reference to the 
author’s hypothesis in regard to the periodic law. Experiments to convert 
nitrogen into argon by means of an electric discharge gave negative results. 

W. Dz. B. 


The atomic weights of nickeland cobalt. C. Winkler. Zeit. anorg. Chem. 
17, 236 (7898). — The author thinks that the values for the atomic weights of 
nickel and cobalt found by Richards and Cushman and by Richards and 
Baxter (2, 396) are too low owing to the presence of free hydrobromic acid in 
the bromids analyzed. W. Dz. B. 


On the atomic weights of nitrogen, chlorin and silver. A. Leduc. Comptes 
rendus, 125, 299 (1897). — Taking oxygen as 16.00 the author found 14.005 for 
nitrogen (1, 511) while Stas obtained 14.044. The discrepancy is attributed 
by the author to oxygen in Stas’s silver and he proposes the following values : 
N 14.005, Cl 35.470, Ag 107.96, S 32.055, H 1.0076 W. D. B. 


On the increasing importance of inorganic chemistry. /. H. van’t Hoff. 
Zeit. anorg. Chem. 18, 1 (1898).— An address delivered before the society of 
German scientists and physicians in Diisseldorf. W.D. RB. 





One-Component Systems 


On the limits of the solid state, II. G. Zammanun. Wied. Ann. 66, 473 
(7898). — Amagat’s measurements on the change of the freezing-point of carbon 
tetrachlorid with the pressure are not satisfactory for theoretical purposes 
because different solid modifications occur, so that the experiments do not refer 
throughout to the same solid phase. Damien’s measurements showing a maximum 
freezing-point with some substances are not trustworthy because he obtained 
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his pressures by pumping in air. He was thus working with a two-component 
system and the maximum freezing-point occurs when the lowering of the freez- 
ing-point due to the solubility of the air in the melt just counterbalances the 
rise of freezing-point due to the increased pressure. Demerliac’s measurements 
are also rejected as being obviously wrong, so that there remain only the meas- 
urements of Barus on the freezing-points of naphthalene. The author has then 
made freezing-point determinations with various substances with pressures 
ranging up to 3500 kg/cm?. The highest temperatures and pressures observed 
at which solid and liquid were in equilibrium were 81.4° and 3500 kg for ben- 
zene ; 30.3° and 3500 kg for dimethyl ethyl carbinol; 93° and 3000 kg for tri- 
methyl carbinol ; 81.76° and 3146 kg for carbon tetrachlorid ; 70.08° and 3265 
kg for nitrobenzene ; 86.2° and 1500 kg for benzophenone ; 97.4° and 2000 kg 
for phosphorus. With trimethyl carbinol a second solid phase appears at about 
60° and about 1900 kg, this being the first instance of a triple point with two 
solid phases and a liquid phase. With carbon tetrachlorid portions of curves 
were obtained for three solid modifications; but no actual intersection was 
verified, though it is probable that one occurs at — 16° under a pressure of 100 
kg/cm’. 

In all cases the pressure-fusion curve bends toward the pressure axis with 
increasing pressure. In the case of dimethyl ethyl carbinol the curvature is so 
marked that a temperature maximum of about 35° seems very probable. The 
author gives his reasons again for believing that a critical point for solid and 
liquid does not exist (see 2, 58) and also expresses his disbelief in Ostwald’s 
assumption that there is such a thing as a continuous change from solid to 
liquid. The experiments of Heydweiller showing the existence of a critical 
temperature for solid and liquid menthol have been repeated and the results are 
said to be due to impurities. W. D. B. 


Reply to a comment of G. Tammann. A. Heydweiller. Wied. Ann. 66, 
1194 (4898).— The author rejects Tammann’s hypothesis (preceding review) 
that the appearance of a critical temperature for solid and liquid menthol is due 
to impurities. He also criticizes Tammann’s proof that such a critical point is 
impossible. W.D. B. 


New experiments on the liquefaction of fluorin. H/. Moissan and /. Dewar. 
Comptes rendus, 125, 505 (1897). — Liquid fluorin liquefies readily at the boil- 
ing-point of atmospheric air. Its boiling-point is about — 187° (cf. 2, 396). It 
does not solidify at — 210° and is miscible in all proportions with liquid oxygen 
and liquid air. Its density is 1.14; its surface-tension is less than that of liquid 
oxygen ; it has no absorption spectrum and is not magnetic. At — 210° it does 
not act on dry oxygen, on water or on mercury, but acts with incandescence on 
hydrogen and turpentine. W.D.B. 


On the compressibility of gases under about atmospheric pressure. A. 
Leduc and P. Sacerdote. Comptes rendus, 125, 297 (1897).— Writing for each 
gas at any temperature the expression 


py — = A(P— Po) 
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Leduc has advanced the hypothesis that the product of A into the critical pres- 
sure is the same function of the temperature for all gases (1, 259). In this 
paper it is stated that this hypothesis holds for fourteen out of eighteen gases, 
the exceptions being methane, methyl chlorid, ammonia and hydrogen sulfid. 


W.D.B. 


Densities of some easily liquefied gases. A. Leduc. Comptes rendus, 125, 
571 (1897). —The author finds 1.5287 for the density of carbonic acid ; 1.5301 
for nitrous oxid; 1.2692 for hydrochloric acid; 1.1895 for hydrogen sulfid ; 
2.491 for chlorin ; 0.5971 for ammonia; and 0.2639 for sulfur dioxid. 
W.D.B. 


Critical constants of some gases. A. Leduc and P. Sacerdote. Comptes 
rendus, 125, 397 (1897).—The critical data for hydrochloric acid are 52° and 
83 atm; for PH, 52.8° and 64 atm ; for H,S 100° and go atm ; for (CH,,),O 129.6° 
and 57 atm. The authors believe that the error in the pressures does not ex- 
ceed one atmosphere nor the error in the temperatures 0.5°. W.D. B. 


On the molecular volumes and the densities of gases in general at any tem- 
perature and under ordinary pressures. 4. Leduc. Comptesrendus, 125,703, 768 
(7897). — Empirical formulas based on the author's experimental data (preced- 
ing reviews). W. D. B. 


On the dissociation and polymerization of gases and vapors: the alleged 
dissociation of chlorin at high temperatures. 4. Leduc. Comptes rendus, 125, 
937 (1897). — The author calculates the density of chlorin at different tempera- 
tures according to his formula and finds that it should be 2.4913 at 0° and 2.4483 
at 1200°. The experimental determinations of Friedel and Crafts, of Jahn, of 
Crafts and of V. Meyeragree well with these figures and the conclusion is there- 
fore drawn that there is no evidence of any dissociation of chlorin at any tem- 
perature. W. D. B. 


On the isothermal and adiabatic transformations of real gases. A. Leduc. 
Comptes rendus, 125, 1089 (1897). — The author has modified the usual equa- 
tion for the ratio of the specific heats of a gas pvY = const. into Apvy = const. 
where A is a factor that comes from taking the author’s expression for a gas 
instead of the ordinary equation for ideal gases. W. D. B. 


On aldehyde-ammonia. J/. Delépine. Comptes rendus, 125, 951 (1897).— 
On standing aldehyde-ammonia in a vacuum over sulfuric acid crystals are 
obtained to which the author assigns the formula (CH,.CH:NH),. The new 
substance melts at 85° and boils at 123°-124°. Vapor-density determinations 
gave a molecular weight of 60.9 at 152°, of 58.4 at 182° and of 45.8 at 261°, the 
value for C,H,N being 43. Freezing-point determinations in benzene gave a 
value at infinite dilution of 174—(C,H,;N),. Cryoscopic determinations of 
aldehyde-ammonia in water gave a molecular weight of about 162 when measured 
at once, and of 92-119 at the end of twenty-four hours. W. Dz. B. 


Reversible transformation of styrene into metastyrene under the influence of 
heat. G. Lemoine. Comptes rendus, 125, 530 (1897).— The solid meta- 
styrene is soluble in styrene and the latter can be separated from the former by 
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distillation under diminished pressure. At 97° the amount of styrene per liter 
in the vapor phase at equilibrium is about 0.1 g, while at 310° it is about 0.7 g. 
Nowhere in the paper is there a clear statement of what phases are present at 
any time. W. D.B. 


On the change of sulfur during heating. F. W. Kister. Zeit. anorg. 
Chem. 18, 365 (7898). — The amount of insoluble sulfur in a given mass of solid 
sulfur was determined by dissolving the soluble sulfur in carbon bisulfid and 
weighing the residue. The length of heating at any given temperature pro- 
duced no visible effect on the amount of insoluble sulfur formed. It is also 
stated that the temperature has no effect on the concentration. Neither of these 
statements can be considered as proved although they are apparently supported 
by experimental data. What was established was that if sulfur be cooled slowly 
from a temperature of 448° it will be found to contain about two to three percent 
of insoluble sulfur, while it will contain over thirty percent of insoluble sulfur 
if the cooling be very rapid. This interesting phenomenon does not serve as a 
starting-point for the discussion though it is obvious that this should have been 
the case. W.D. B. 


Two-Component Systems 


Contributions to our knowledge of amalgams. W. Aerp. Zeit. anorg. 
Chem. 17, 284 (1898). — Solubility determinations have been made between 0° 
and 100° with sodium and mercury. The same substance NaHg, crystallizes 
throughout the whole range of temperatures. This compound has no true melt- 
ing-point, but begins to soften at 105° and is entirely liquid at 138°. One experi- 
ment with potassium amalgam appeared to show the existence of a compound 
KHg,,; but this cannot be considered as definitely established until experiments 
have been made at different temperatures. With barium amalgam the amount 
of barium appeared to increase with rising temperature so that the existence of 
a solid solution is probable, though the author inclines to a belief in the com- 
pound BaHg,,. Pure sodium amalgam acts very slowly on pure sodium hydroxid. 
The presence of other metals causes a tempestuous evolution of hydrogen. 


W. Dz. B. 
On the solubility of cerium sulfate in water. IV. Muthmannand H. Rolig. 
Zeit. anorg. Chem. 16, 450 (/898).— The solubility curves have been deter- 


mined for the three hydrates of cerium sulfate, those with twelve, eight and 
five of water. The curve for the octohydrate cuts the curve for the penta- 
hydrate at 74° and the curve for the salt with twelve of water at 27.5°. All 
three hydrates show decreasing solubility with rising temperature and, accord- 
ing to the authors, the more soluble salt is the more stable. This is at least the 
third time that this phenomenon has been reported and in no one of the three 
cases has it struck the investigators as worthy a second thought. W.D.B. 


On the solution pressures of some halid salts. P. Rohland. Zeit. anorg. 
Chem. 18, 327 (1898). — As we pass from the chlorids to the bromids and 
iodids of the alkalies and the alkaline earths we find increasing solubility in 
water and the first three alcohols, methyl, ethyl and propyl. On the other 
hand the iodids of mercury and copper are less soluble in these four solvents 
than are the chlorids. W. Dz. B. 
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Effect of supercooling on the freezing-points of solutions of potassium chlorid 
and of sugar. F. W. Raoult. Comptes rendus, 125, 751 (1897).— The author 
makes use of the formula C = C’(1— KS), where C is the true freezing-point, 
C’ the apparent freezing-point, S the amount of supercooling and K a constant 
varying with the apparatus, etc. According to the author K may be calculated 
by means of the formula 
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where So is the heat of fusion of ice, 7 the water-worth of the wetted portion of 
the apparatus including the thermometer and the stirrer, R the water-worth of 
the cryoscopic liquid, / the time between the first appearance of solid and the 
thermometer’s becoming stationary, T the time necessary for the apparatus to 
fallin temperature one degree by radiation. The second term on the right 
hand side of the equation expresses the effect of radiation and was negligible in 
the author's apparatus and the first term was equal to 0.01375, while the mean 
of the experimental values of K for potassium chlorid and sugar was 0.014. 
With potassium chlorid and with sugar the molecular lowering approached, with 
increasing dilution of the solution, the values required by the dissociation 


theory. W.D.B. 
On the distillation of mixtures of pyridin with propionic, acetic and formic 
acids. G. André. Comptes rendus, 125, 1187 (1897). — A mixture of propionic 


acid and pyridin, about two reacting weights of the former to one of the latter, 
boils constantly at 150°-151.5°, a temperature higher than the boiling-points of 
propionic acid and of pyridin. The author considers that there is formation of 
an acid salt in spite of the fact that the equilibrium is displaced towards the 
propionic acid side when boiling under diminished pressure. 

With acetic acid and pyridin a most remarkable phenomenon was observed. 
A liquid containing roughly three of the acid to two of the base was found to 
distil constantly at 139°-140°. If this liquid were redistilled, portions of it be- 
gan to pass over at 100° and the temperature rose gradually to 139°-140°. 
According to this, by repeated distillation of a solution having a maximum 
boiling-point, it is possible to separate the mixture intoits components. The 
pitiable thing about it all is that the author sees nothing astonishing or unusual 
in such a statement. With formic acid and pyridin a maximum boiling-point 
was observed, but the statements in regard to this system are so confused that 
it is impossible to make anything out of them. W. Dz. B. 


Boiling-point determinations of some salts in ethereal solutions. 2. 
Lespieau. Comptes rendus, 125, 1094 (1897). — Approximately normal values 
are obtained for mercuric chlorid, ferric chlorid, zine chlorid and anti- 
mony chlorid, though with zine chlorid the authors had to extrapolate from 230 
as the last observation to 138 for complete dissociation. It is probable that the 
zine chlorid contained water. With hydrated uranyl nitrate values were ob- 
tained varying from 604 to 1044. Since the formula weight of the salt inclu- 
ding the water of crystallization is only 504, the author concludes that the salt 
dissolves without losing its water of crystallization because if this were not the 
case the molecular weight would have been lower than the calculated instead of 
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higher. This reasoning is bad. The splitting off of water would be more likely 
to lower the boiling-point than to raise it and would thus give too high values 
for the molecular weight. W. D. B. 


A new procedure for determining molecular weights by the boiling-point 
method. W. Landsberger. Zeit. anorg. Chem. 17, 422 (1898).— Reviewed 
(2, 400) from Ber. chem. Ges. Berlin, 31, 458 (1898). 


On some compounds of phenylhydrazin with metallic nitrates. /. Moites- 


sier. Comptes rendus, 125, 183 (1897).— Cobalt nitrate crystallizes with two 
of phenylhydrazin ; zinc and cadmium nitrates with three and nickel nitrate 
with four of phenylhydrazin. W. D. B. 


On some compounds of metallic acetates with phenylhydrazin. /. JWoitcs- 
sier. Comptes rendus, 125, 617 (7897).— The acetates of zinc, cadmium, 
cobalt and manganese crystallize with two of phenylhydrazin ; the acetate of 
nickel with three. -. i.e 


New compounds of phenylhydrazin with mineral salts. /. Mo/ttessier. 
Comptes rendus, 125, 714 (1897). — Nickel chlorid, nickel sulfate and cobalt 
bromid crystallize both with five and with two of phenylhydrazin while cobalt 
chlorid and cobalt sulfate crystallize both with four and with two of phenyl- 
drazin. W. DD. B. 


On the temperature of maximum density of barium chlorid solutions. Z. C. 
de Coppet. Comptes rendus, 125, 533 (1897). — With 41.72 g BaCl, per kilo- 
gram of water the maximum density occurs at —o.843°. The lowering of the 
temperature of maximum density is proportional to the concentration of barium 
chlorid expressed in grams of salt per thousand grams of water. W. D. B. 


Studies of salt solutions: lithium chlorid. G. Lemoine. Comptes rendus, 
125, 603 (1897). — Determinations of the specific gravities and heats of dilution 
of lithium chlorid in water, methyl alcohol and ethyl alcohol. W. Dz. B. 


The specific gravity of sodium chloride solutions. 7. C. Hahn. Jour. 
Am. Chem. Soc. 20, 621 (7898). — The paper opens with the following remark- 
able statement: ‘‘ The specific gravity and expansion by heat of salt solutions 
have not received the attention of chemists and physicists to the extent which 
they deserve. The data for common salt, for example, are only sufficient for 
technical purposes.’’ As might be expected, the rest of the article is devoted 
to a recalculation of results published by Gerlach in 1859. W. D. B. 


On the chlorid of parastannic acid. #. Engel. Comptes rendus, 125, 464 
(1897).— If metastannic acid be heated with boiling water a compound is 
obtained containing seven of water, which changes into a compound with two 
of water when dried in a vacuum, This new acid is called parastannic acid by 
the author. When treated with hydrochloric acid, it gives a solution showing 
Rose’s reaction of precipitation with dilute sulfuric acid. W. D. B. 


On the stannic acids. A. Engel. Comptes rendus, 125, 651 (1897).— 
Metastannic acid has the composition (SnO,),5H,O; stannic acid the composi- 
tion SnO,4H,O. Even in the cold stannic acid changes gradually into meta- 
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stannic acid, but the reaction does not runtoanend. This presence of the two 
substances has been the cause of much of the confusion in regard to the proper- 
ties of the two acids. The author believes that the equilibrium is due to the 
formation of a compound in which the ratio of the acids is unity. He has over- 
looked the possibility of a solid solution being formed. W. D. B. 


The absorption, II. /. M7. van Bemmelen. Zeit. anorg. Chem. 18, 74 
(7898). — A general statement of the facts and hypotheses in regard to the be- 
havior of colloid jellies (see 1, 444). The formation of a jelly is due to the 
separation of a solution in two liquids the first of which (L,) is colloidal, vis- 
cous and possesses a net-work structure in which the more fluid liquid (L,) is 
partly absorbed and partly retained mechanically. Through different causes 
such as the influence of a third substance or of time or the evaporation of L, 
the colloidal liquid passes continuously into the solid state, remaining amor- 
phous and becoming eventually like horn or glass. By the assumption of a 
coherent net-work of an amorphous substance the author claims that it is possi- 
ble to account for all the phenomena observed with the jellies. W. D. B. 


Poly-Component Systems 


On the solubility of the bicarbonates of calcium and magnesium. /. ?. 
Treadwell and M. Reuter. Zeit. anorg. Chem. 17, 170 (7898).— If a calcium 
hydroxid solution be saturated with carbonic acid and the acid in the vapor 
phase be then removed by air, the amount of carbonic acid retained corresponds 
exactly to that required for the formula of the bicarbonate. With excess of 
carbonic acid the solubility of the bicarbonate increases and the authors have 
determined this change of solubility in terms of the partial pressures and of the 
concentrations of free acid in the liquid phase. Although calcium bicarbonate 
is much more soluble in concentrated sodium chlorid solutions than in pure 
water, the increase is very slight when tenth-normal sodium chlorid solution is 
taken. Magnesium bicarbonate is not stable except in presence of an excess of 
carbonic acid. W. D. B. 


Note on the chemistry of the bicarbonates of calcium and magnesium. C. 
Kippenberger. Zeit. anorg. Chem. 18, 4/3 (1898). — Attention is called to the 
fact that Treadwell and Reuter (preceding review) had misunderstood and mis- 
quoted some work of the author. W. Dz. B. 


Correction. /./. Treadwell. Zeit. anorg. Chem. 18, 418 (7898). — The 
mistakes referred to by Kippenberger (preceding review) are corrected in this 
note. W. D. B. 


On some reactions in methyl alcohol and acetone. P. Rohland. Zeit. 
anorg. Chem, 18, 322 (7898).— Owing to the different solubilities of salts in 
different solvents reactions may run one way in one case and another way in 
a second case. In aqueous solution mercuric iodid precipitates and potassium 
chlorid goes into solution. In acetone potassium chlorid precipitates, leaving 
mercuric iodid in solution. Cadmium iodid precipitates from an aqueous solu- 
tion of cadmium bromid and potassium iodid, while potassium bromid separates 
from a solution in acetone. Mercuric iodid will not precipitate cuprous iodid 
from a solution of a cupric and a ferrous salt in methyl alcohol. The reaction 
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between potassium bichromate and silver nitrate takes place more slowly in 
methyl alcohol than in water. The reaction between barium chlorid and potas- 
sium bichromate takes place very slowly in methyl alcohol, but this is probably 
due to the absence of the water required for the reaction. W. D. B. 


Conversion of potassium iodid and bromid into chlorid. /. HW”. Kister. 
Zeit. anorg. Chem. 18, 77 (7898). — By passing a current of chlorin over potas- 
sium iodid heated in a porcelain crucible, it is possible to convert the iodid com- 
pletely into chlorid without any difficulty and at a very moderate temperature. 
The conversion of the bromid could not be effected in this way without loss of 
substance because the necessary temperature was so high that some of the potas- 
sium chlorid volatilized. On placing the potassium bromid in an Erlenmeyer 
flask, moistening with water and then passing in chlorid complete conversion 
was obtained without difficulty. The results in the two cases are very accurate 
because there is no precipitation, filtration or anything of that kind. 


W. D. B. 
On the behavior of some salts of chlorplatinic acid. 7. Roh/and. Zeit. anorg. 
Chem. 15, 472 (1897) ; 16, 305 (7898).— Crystallized barium chlorid is fairly 


soluble in methyl alcohol and very insoluble in ethyl alcohol. While magne- 
sium and calcium chlorplatinates dissolve in ethyl alcohol without decomposi- 
tion, barium chlorplatinate is decomposed into insoluble barium chlorid and 
soluble platinic chlorid. We have thus an instance of a substance that is a 
complex salt in water and a double salt in alcohol. Sodium chlorplatinate 
behaves in the same way. With methyl alcohol the phenomena are much less 
marked owing to the greater solvent action of the methyl alcohol for the alkaline 
halids. W. D. B. 


On the solubility of liquids. 4. Adignanand E. Dugas. Comptes rendus, 
125, 798 (7897). — The authors have determined the temperatures at which dif- 
ferent mixtures of benzene and hydrated acetic acid form two liquid phases. 
They consider that up to fifty percent of acetic acid the benzene is solvent and 
that the acid is solvent for higher concentrations. They also believe that there 
are two solubility curves forming a cusp. YD. B. 

On the accidental causes of irreversibility in chemical reactions. 4. Co/son. 
Comptes rendus, 125, 945 (1897). — The reaction Ag,S — H,SO, — Ag,SO, + H,S 
is not reversible because a second reaction thereupon takes place represented by 
the equation H,S — 3H,SO,—4H,SO,. The action of hydrochloric acid gas on 
normal phosphates is also not reversible in the ordinary sense because of the 
secondary formation of pyrophosphates. W. D. B. 


The action of nitric acid on tin. A. Engel. Comptes rendus, 125, 709 
(7897).— Ordinary nitric acid diluted with not less than twice its volume of 
water acts on tin forming stannous nitrate. Diluted with one volume of water 
it attacks tin forming stannic nitrate. Ordinary nitric acid attacks tin form- 
ing stannic nitrate insoluble in an acid of this concentration. Stannic nitrate 
changes readily in dilute acid or at higher temperatures to stannic acid, traces 
only of metastannic acid being formed. Stannic acid changes slowly and par- 
tially into metastannic acid while, in boiling water, metastannic acid changes 
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into parastannic acid, which last is considered by the author as an internal 
anhydrid of metastannic acid. W. D. B. 


Researches on the state in which elements other than carbon are found in 
cast iron and insteel. A. Carnot and Goutal. Comptes rendus, 125, 148, 213 
(7897). —In ferrosilicon most of the silicon is present as FeSi, though com- 
pounds are also formed containing relatively more iron. When manganese is 
present it combines with the silicon. No formula is given for the compound 
thus formed owing to the difficulty of separating it from the FeSi. When cast 
iron contains both manganese and sulfur, it is believed that MnS is formed in 
preference to FeS. Phosphorus, on the other hand, combines with the iron 
forming Fe,P, rather than with the manganese. Arsenic does not combine with 
iron at all. The same is true of copper, nickel, titanium and probably of 
manganese. Chromium forms carbids of chromium and iron, while tungsten 
forms the compound Fe,Mo and molybdenum the compound Fe,Mo,,. 

W. D. B. 


On the formation of mixed hydrates of acetylene and some other gases. Le 
Forcrand and Sully Thomas. Comptes rendus, 125, 109 (1897). — Acetylene 
and water can be made to unite at about 0° with CCl,, CHCl,, C,H,Cl,, CH,lI, 
CHBr, or other halogen compounds forming crystals containing all three com- 
ponents. On decreasing the pressure or raising the temperature these mixed 
hydrates effloresce giving off acetylene. W. D. B. 


On different double chlorids formed with cinchonamin. 1. outrouxr and 
P. Genvresse. Comptes rendus, 125, 467 (1897). —The chlorids of cadmium, 
zine and copper can crystallize with two of cinchonamin hydrochlorid. 


W.D. B. 


The triple nitrites of some metals. C. Przibylla. Zeit. anorg. Chem. 15, 
gig (1897); 18, gg8 (78Q8).—In the first paper the author shows that while 
some triple nitrites can be obtained giving results agreeing well with the gen- 
eral formula R( NO,),.R(NO,),.2RNO,, the majority of the substances do not 
correspond to any definite formula. In the second paper it is shown that solid 
solutions are formed with the nitrites of Cu, Sr and K; Cu, Sr and NH,; Cu, 
Ca and K; Ni, Sr and K; Cu, Pb and TI. W. D. B. 


Preparation of ammonium and potassium bromoplatinates. G. M¢éker. 
Comptes rendus, 125, 1029 (1897).— At 250°-350° platinum is not attacked 
appreciably by either ammonium bromid or ammonium sulfate, while a mix- 
ture of the two salts attacks it readily forming ammonium bromoplatinate. On 
replacing the ammonium sulfate by potassium bisulfate, potassium bromoplat- 
inate is formed, but the yield is much less good. W. Dz. B. 


Process of separation and distillation of bromin from a mixture of alkaline 
bromids and chlorids. //. Baubigny and P. Rivals. Comptes rendus, 125, 
527 (1897). — After decomposing the bromids with copper sulfate and potas- 
sium permanganate the authors volatilize the bromin by meansof an air current 
and pass it into a dilute solution of caustic soda. W. Dz. B. 
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Separation and direct titration of the chlorin and bromin in a mixture of 
salts of the alkaline metals. H. Baubigny and P. Rivals. Comptes rendus, 
125, 607 (S97). — The method is that described in the preceding review. The 
amount of bromin that does not volatilize decreases with increasing concentra- 
tion of the copper sulfate. On the other hand chlorin passes over if the concen- 
trations of the sulfate and the permanganate increases too much. Directionsare 
given for avoiding both these evils. W. D. B. 


Use of fluorescein to detect traces of bromin in a salt solution. /. 
Baubigny. Comptes rendus, 125, 654 (7897). —In order to detect whether all 
the bromin has been volatilized (preceding two reviews) the author tests the 
solution with paper that has been plunged in a fluorescein solution. If 
bromin is present eosin is formed which is recognized by the color. One milli- 
gram of potassium bromid suffices for a marked test. W.D. B. 


On the cuprosammonium bromids and the cuprammonium sulfocyanates. 
T. W. Richards and B.S. Merigold. Zeit. anorg. Chem. 17, 245 (1898).— 
A study of some inorganic compounds from no definite point of view under no 
definite conditions and leading to no definite results. W. D. B. 


On a point in the theory of dyeing. 1. Vignon. Comptes rendus, 125, 357 
(7897). — The author has measured the amount of absorption when a given 
weight of cotton is placed for fifteen minutes at 100° in neutral and alkaline 
baths of different nitrogen bases. Since the concentrations were not varied, the 
only result of this investigation is that the different bases are absorbed to differ- 
ent extents under the conditions of the experiments. W.D.B. 


On the first stages of the combination between hydrogen and oxygen. J/. 
Berthelot. Comptes rendus, 125, 171 (1897).— On heating mixtures of hydro- 
gen and oxygen in glass tubes at 280°, amounts of water varying from five to 
thirteen percent were formed. In presence of barium oxid there was no reac- 
tion at 180°, but combination begins to take place at 250°. At 280° 89.2 percent 
of the gases had combined in five hours and the reaction was complete in 
twenty-six hours. The course of the reaction appears to be formation of water 
and of barium peroxid leaving hydrogen ; the hydrogen then reduces the per- 
oxid forming more water. Caustic potash accelerates the reaction, the glass 
being attacked and a manganate being formed in one case from the manganese 
in the glass. W.D. B. 


Influence of dehydrating agents on the combination of hydrogen and oxygen. 
M. Berthelot. Comptes rendus, 125, 675 (1897).—The presence of hydro- 
chloric acid has no perceptible influence on the combination of hydrogen and 
oxygen either at 100° or at 280°. Boron trifluorid appears to hinder the reac- 
tion somewhat; but the change is probably due to a change in the surface of 
the glass vessel due to the boron trifluorid rather than to any direct action of 
this substance on the gaseous mixture. At 100° SO, has no effect; at 280° the 
SO, appears to attack the oxygen leaving the hydrogen intact. Liquid sulfuric 
acid is reduced by hydrogen at 280° and does not cause the hydrogen to react 
with the oxygen. Phosphorus pentoxid appears also to have no accelerating 
effect. W. D. B. 
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Action of hydrogen on sulfuric acid. J/ Berthelot. Comptes rendus, 125, 
743 (1897). — At 250° the reaction between sulfuric acid and hydrogen runs to 
an end, the products being water and sulfur dioxid. When oxygen is present 
it oxidizes the sulfur dioxid. W. Dz. B. 


Influence of oxygen on the decomposition of the hydracids by metals and 
especially by mercury. J/. Berthelot. Comptes rendus, 125, 746 (1897).— 
Pure hydrochloric acid and pure hydrogen sulfid do not attack mercury in the 
cold; but do in the presence of oxygen. A thermochemical explanation is 
given for this phenomenon. W. D. B. 


On the action of some gases and metals on the photographic plate. 2. v. 
Lengyel. Wied. Ann. 66, 1162 (1898).— Hydrogen, carbon monoxid and 
ethylene change the silver bromid of a photographic plate in such a way that it 
can be reduced by adeveloper. Oxygen, carbonic acid and nitric oxid have no 
such effect. Zinc in dry air freed from carbonic acid has no effect on the plate 
while in an atmosphere containing moisture and carbonic acid an intense action 
takes place. From this experiment the author concludes that the reported 
action of metals on photographic films is due to the hydrogen evolved during 
the corrosion of the metal. Special experiments showed that there was no such 
absorption of hydrogen as would be required on the hypothesis that the latent 
picture is due to the formation of Ag,Br. W. Dz. B. 


Electromotive Forces 


Studies on the constitution of lead salts in aqueous solutions. //. F. 
Fernau. Zeit. anorg. Chem. 17, 327 (1898).— The author has determined the 
freezing-points and saturation-points of solutions containing lead salts with and 
without other salts. He has also determined the electromotive force of concen- 
tration cells containing lead salts and has studied the effect of the oxygen elec- 
trode on solutions of lead nitrate. As a result of these determinations the 
author concludes that, in addition to the electrolytic dissociation of lead chlorid 


into Pb and Cl as ions, it is necessary to assume hydrolytic dissociation. For 
very dilute solutions the following equation is suggested : 


100PbC1, + 63HOH — 10Pb + 92Cl + 27PbC1, + 63PbO.H, + 126H. 


Lead hydroxid by itself dissociates into Pb and 20H; but this is hardly an 
important factor in lead chlorid solutions owing to the presence of hydrogen as 
ion. W.D. B. 


On the contact electricity between metals and liquids. A. Heydweiller. 
Wied. Ann. 66, 535 (7898).— An attempt to apply Coehn’s law (2, 520) to the 
potential difference between metals and liquids. In many instances this was 
successful ; but gold and platinum in methyl alcohol, ethyl alcohol, amyl alco- 
hol and amyl acetate are exceptions as is also gold in benzene. In the arrange- 
ment Pt | amyl alcohol | amyl acetate | Zn the zinc is cathode. W. D. B. 


On the charging of dielectrics. A. Cochn Wied. Ann. 66, 1197 (1898).— 
Commenting on the paper of Heydweiller (preceding review) the author points 
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out that in his first paper (2, 520) he explicitly excluded metals from the dis- 
cussion. The metals are to be considered in a later paper and attention is 
called to the fact that Heydweiller’s experiments (preceding review) are incon- 
clusive because he has forgotten to consider oxidation as a possible disturbing 
element. W. D. B. 


On the phenomenon of the electric arc. A. Blondel. Comptes rendus, 125, 
164 (1897). — The author considers that the electric are is to be treated as a re- 
sistance. He considers that the counter electromotive force cannot exceed 0.15 
volt and that therefore no electrolytic action takes place. (Cf. 2, 207.] 


W. D. B. 


On the direct transformation of heat into electrical energy. J/. Deprez. 
Comptes rendus, 125, 511 (1897 ).—An alloy of nickel and iron containing thirty 
percent of nickel is very magnetic at 50° and loses this property at 104°. By 
altering this alloy between these two temperatures the author proposes to gen- 
erate an alternating current. W.D. B. 


Electrolysis and Electrolytic Dissociation 


On the electrolysis of hydrochloric acid. F. Haber and S. Grinberg. 
Zeit. anorg. Chem, 16, 198, 329 (1898.)—The first of these two papers is de- 
voted to the theory and practice of the electrolysis of aqueous hydrochloric acid 
at ordinary temperatures with smooth electrodes. Chlorin as ion has a lower 
decomposition voltage for the same concentration than hydroxyl as ion. The 
concentration of hydroxy] as ion is restored continually by the dissociation of 
water while the concentration of chlorin as ion can only be renewed by the 
diffusion, electrolytic and otherwise, of hydrochloric acid. With increasing 
current density there will therefore be an increasing percentage of hydroxyl 
discharged. Since the dissociation of water does not take place instantaneously, 
the effect of increasing current density will also be to decrease the concentration 
of hydroxyl as ion and, according to the authors, the curves showing the rela- 
tion between concentration of acid and percentage discharge of hydroxy] as ion 
for different current densities will intersect. The actual case is not so simple as 
the one here imagined because there is the possible formation of hypochlorous, 
chloric and perchloric acids to be considered. As a matter of fact the authors 
succeeded in showing the existence of a point of intersection. 

The experimental study of the yields of the different substances gave the 
following results. With concentrated solutions of hydrochloric acid a 100 per- 
cent yield of chlorin is obtained at the anode, dropping nearly to zero with 
dilute acid. Traces of hypochlorous acid are formed in the electrolysis of 
dilute solutions. About one-third of the theoretical amount of perchloric acid 
is obtained during the electrolysis of solutions varying from normal to thirtieth- 
normal. Simultaneously with the chloric acid there are formed small quantities 
of hydrogen peroxid. With very dilute hydrochloric acid solutions perchloric 
acid is formed, the yield being about one-fourth the theoretical. With dilute 
solutions much oxygen is evolved. 

In the second paper the authors consider the effect of the presence of other 
compounds in the aqueous hydrochloric acid, the effect of temperature and of 
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platinized electrodes. With bases or metallic salts present in the solution, the 
transference numbers vary and therefore the rate at which chlorin as ion diffuses 
to the anode. When the solution is alkaline a large part of the current is car- 
ried by hydroxy] as ion and there is also the tendency of chlorin to react with 
the alkali forming sodium hypochlorite while the action of hypochlorous acid 
or hydrochloric acid becomes practically zero. It is thus clear that relatively 
more oxygen will be evolved from alkaline than from acid solutions. O¢ettel 
considered the rise of temperature as equivalent to an increase in alkalinity. The 
authors prefer the statement that less oxygen reacts with the hydrochloric acid. 
Platinizing the electrodes causes a marked increase in the evolution of oxygen. 


W. D. B. 


The electrolysis of hydrochloric acid with remarks on the cathodic forma- 
tion of lead. /. Haber. Zeit. anorg. Chem. 16, 438 (7898).— A discussion of 
the conditions under which a platinum anode is attacked by chlorin, with 
special reference to the Nernst theory. The author postulates that platinum 
will go into solution so long as the potential difference is greater when we con- 
sider the electrode as a platinum electrode than when we consider it as a chlorin 
electrode. From this it appears to follow that the more concentrated the acid 
the less the platinum would be attacked which is absurd. Since platinum is 
present in the solution of a chlorid as part of a chlorplatinate ion, the dissocia- 
tion of the chlorplatinate into platinum and chlorin as ions is forced back by 
the presence of chlorin as ion and therefore increasing the concentration of the 
acid decreases the concentration of platinum as ion more rapidly than it in- 
creases the concentration of chlorin as ion, thus making the platinum more 
readily attacked in concentrated than in dilute solutions. This is very ingenious 
and apparently all right, granting the premises; but one cannot help feeling 
what a fortunate thing it is that platinum should form a part of the anion in 
chlorid solutions. One wonders also whether any metal or any acid will ever 
be found — barring passive states— for which increasing the acid will make the 
metal less readily attacked. The question becomes even more interesting when 
we read that the concentration of platinum as ion must decrease with rising 
temperature ‘‘ because platinum is more readily attacked by hot acid than by 
cold’’. 

Attention is called to the fact that the evolution of hydrogen at a platinum 
cathode causes the electrode to disintegrate mechanically. Substituting lead for 
platinum the author has succeeded in forming a thin layer of spongy lead. 

W. D. B. 


On electrolytic formation of hydrogen peroxid. /. Haber and S. Grin- 
berg. Zeit. anorg. Chem. 18, 37 (18g8).—A discussion of the question 
whether hydrogen peroxid can be formed at the anode by direct union of two 
of hydroxyl as ion, accompanied by measurements of the potential of platinum 
and gold in different concentrations of aqueous hydrogen peroxid. The reac- 
tion probably does not take place because it was shown that hydrogen peroxid 
and oxygen cannot coexist in presence of platinum. The formation of hydro- 
gen peroxid during the electrolysis of hydrochloric acid noticed by the authors 
(two reviews back ), proves, on further investigation, to take place during the 
filtration and thus is not a product of electrolysis at all. In the experiments re- 








126 Reviews 


ferred to the solution at the anode was shaken up with mercury and filtered. 
The finely divided mercury remained on the filter paper and oxidized with 
formation of hydrogen peroxid if exposed to the air. W. D. B. 


On the electrolytic separation of nickel and cobalt from iron. O. Ducru. 
Comptes rendus, 125, 436 (1897). —The solution containing nickel and iron 
is evaporated to dryness with a slight excess of sulfuric acid. Water, ammo- 
nium sulfate, and concentrated ammonia are added and the resulting solution 
electrolyzed. Presence of chromates prevents the precipitation of nickel. 

W. D. B. 


The quantitative determination of manganese and the separation of iron from 
manganese by electrolysis. /. Aaeppel. Zeit. anorg. Chem. 16, 268 (7898 ).— 
On electrolyzing a solution of manganese sulfate to which acetone has been 
added, the manganese peroxid precipitates asa coherent film. As much as1.6¢ 
MnO, has been precipitated in this way, much more than has been possible by 
any other method (Cf. 1, 453). The peroxid can be dried at 100°-150° and 
weighed as such, thus avoiding the evils due to igniting. 

To separate iron from manganese the author pours the solution containing 
the sulfates of two metals into a boiling solution of sodium pyrophosphate, adds 
a few drops of phosphoric acid and electrolyzes cold. Most of the iron is pre- 
cipitated as metal at the cathode, but a little separates with the manganese per- 
oxid so that the method gives results accurate only to within one percent. 

W. D. B. 


On the electrolytic conductivity of trichloracetic acid. /P. Rivals. Comptes 
rendus, 125, 574 (7897). — The author finds that the change of the molecular 
conductivity of trichloracetic acid with the volume is proportional to the change 
of the heat of dilution with the volume. W. D. B. 


Addition to the article: Dissolving platinum and gold in electrolytes. 1/. 
Margules. Wied. Ann. 66, 540 (1898). —In this addition to the original paper 
(2, 516) the author points out that excellent results can be obtained by means of 
a rotating commutator so arranged that at one moment the battery current 
passes through the cell and at the next the cell is short-circuited. The belief is 
expressed that the periodic depolarization is the essential feature in causing the 
platinum and gold to dissolve. , W.D. B. 


Relation between the polymerization of liquids and their power of dissocia- 
ting electrolytes. P. Dutoitand E. Aston. Comptes rendus, 125, 240 (1897). 
— Conductivity measurements have been made with ammonium sulfocyanate, 
mercuric chlorid, silver nitrate, sodium bromid, lithium salicylate, cadmium 
iodid and cadmium bromid in propionitrile ; with cadmium iodid and sodium 
salicylate in acetone; with mercuric chlorid, ammonium sulfocyanate, sodium 
salicylate and cadmium iodid in methyl ethyl ketone; with ammonium sulfo- 
cyanate, cadmium iodid, and sodium salicylate in methyl propyl ketone. 
These solvents were selected as having abnormal capillary constants, and since 
molecular conductivities were obtained varying from 3 in some cases to 38 in 
others, the authors believe themselves justified in postulating a relation between 
the polymerization and the dissociating power of the solvent. W. D. B. 














SOLID SOLUTIONS 


BY HAMILTON P. CADY 


No complete freezing-point curves have hitherto been deter- 
mined for systems in which two series of solids solutions occur. 
Owing to the ease of analysis naphthalene and monochloracetic 
acid' seemed a good system to investigate. The naphthalene 
used in these experiments was purified by repeated crystalliza- 
tion from aqueous alcohol and melted sharply at 79.9°. The 
monochloracetic acid was purified by fractional distillation. It 
boiled at about 185° and melted at 62°. The following method 
was used in preparing and separating the solid solutions. By 
preliminary experiments it was determined what amounts of 
acid and naphthalene should be taken in order to get suitable 
amounts of the solid and liquid phases at each temperature. A 
mixture of acid and naphthalene was then melted and placed in 
the apparatus shown in Fig. 1. 

In the diagram, A is a funnel which held the melted mix- 
ture and in which the crystallization took place; C is a stirrer ; 
D is a glass stopper for closing the bottom of the funnel until it 
was time to draw off the liquid; E is an asbestos filter; F a glass 
tube sealed to the stem of the funnel so that this latter can be 
kept warm to the very tip; H a tube containing soda-lime. 
The whole apparatus was jacketed with a water-jacket B kept at 
a constant temperature by the method previously described.’ 
The solution was kept for several hours at the desired tempera- 
ture and stirred frequently. At the end of the experiment the 
liquid portion was sucked off by means of a filter pump. The 


' Some unpublished measurements made in Leipzig by Mr. Buckingham 
seven years ago had made it probable that these two substances formed two series 
of solid solutions. 

? Jour. Phys, Chem. 2, 242 (1898). 
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Fig. 1 


temperature was then raised until the solid solution liquefied and 
the melt was filtered off. The two filtrates were analyzed by 
taking weighed portions and titrating the acid with potassium 
hydroxid solution. The naphthalene was determined by differ- 
ence. There was no difficulty in dissolving the acid out of the 
naphthalene by means of water. On shaking the solid mass with 
water hot enough to melt it, the acid went into solution in a very 
short time. If the crystals were finely pulverized, cold water 
would remove all the acid very quickly. In fact no difference 
could be detected qualitatively between the rate at which the 
acid dissolves from a finely powdered solid solution of naphtha- 
lene and monochloracetic acid and that at which it dissolves 
from a mechanical mixture of the same two substances. In this 
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respect these solid solutions differ markedly from those in which 
barium sulfate is one of the components. In spite of the solu- 
bility of barium chlorid in water, it can only be washed out with 
incredible slowness from precipitated barium sulfate. In 
separating monochloracetic acid from naphthalene, it is advis- 
able not to use hot water any more than is absolutely necessary, 
otherwise there will be a secondary reaction forming glycolic 
and hydrochloric acids. 

The analytical results expressed in grams per hundred of 
the two components are given in Table I, the data for the fusion 
curve along which the crystals are chiefly naphthalene being 
given under the heading of ‘naphthalene series’, while the data 
for the other fusion curve are given under ‘acid series’. 


TABLE I 


Naphthalene series 





Solid solution Liquid solution 
Temp Naph Acid Naph Acid 
75° 96.6 3.4 84.4 15.6 
7° 95.4 4.6 69.7 32.3 
65 89.2 10.8 53-3 46.7 
60 80.3 19.7 42.4 57.6 
55 59.6 40.4 31.3 68.7 
53-5 adi te 29-4 79.0 
Acid series 

60° 1.7 i ie 98.3 ia 4.0 _ 96.0 
55 2.1 97-9 21.0 79.0 


These results are shown graphically in Fig. 2. AC and 
BC give the compositions of the saturated solutions. AD gives 
the compositions of the solid solutions containing an excess of 
naphthalene and BE the compositions of the crystals. By the 
ordinary method it is of course impossible to determine the 
composition of the solid phases at the quadruple point because a 
mixture of the two phases separates. The temperature at this 
point is 53° and the liquid solution contains 71.3 percent acid 
to 28.7 percent naphthalene. The curve BE is so nearly a 
straight line that no serious error will be made by extrapolating 
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and taking the composition of the crystals as 97.5 percent acid 
and 2.5 percent naphthalene. On the other hand the curvature 
of AD is such that an extrapolation from 55° to 53° is not 
necessarily very accurate. An attempt was therefore made to 
determine the limiting composition by the following method. 
Different mixtures of naphthalene and acid were allowed to 
solidify and then examined under the microscope. When the 
mixture contained fifty percent of acid or less there was only one 
kind of crystal. With sixty percent of acid two kinds of crys- 
tals could be detected. We may therefore consider 57 percent 
of acid as being very near the truth. 

It was thought possible that acetic acid might also form 
solid solutions with naphthalene, but a few experiments showed 
that this was not the case and that the two substances crystallize 
without admixture. No experiments were made with mono- 
bromacetic acid because it seemed reasonably certain that this 
substance would behave like monochloracetic acid. On the 
other hand it seemed of interest to make some qualitative ex- 
periments with glycolic acid to determine whether the replace- 
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ment of hydrogen by hydroxyl would tend to make solid solu- 
tions possible. The glycolic acid was made from monochloracetic 
acid and was not entirely free from water. In spite of the traces 
of moisture very considerable quantities of acid dissolved in the 
solid naphthalene. At 74.5° the solid phase contained 18.7 per- 
cent acid as against 3.38 percent monochloracetic acid at 75° or 
4.61 percent at 70°. Experiments were also made with malonic 
and succinic acids; but these acids are so sparingly soluble in 
melted naphthalene that there was practically no lowering of 
the freezing-point and it was impossible to make measurements. 
We may conclude therefore that malonic and succinic acids do 
not form solid solutions with naphthalene. 

It was noticed that the glycolic acid could not be washed 
out readily from the naphthalene; it being necessary to melt the 
latter in order to effect a separation. In this respect it resembles 
the solid solutions formed with barium chlorid and barium sul- 
fate. 





Since the time of van ’t Hoff’s paper on solid solutions" it 
has been clear that the solute lowers the vapor-pressure of the 
solid solvent; but there have been reasons for supposing that the 
relation between concentration and lowering of the vapor-pres- 
sure was not the same quantitatively for the solid and for the 
liquid solutions. Kiister? pointed out that, according to the 
theory, the freezing-point should remain unchanged when the 
solid and liquid solutions had the same composition. This, 
however, is not the case for many isomorphous mixtures and for 
this reason Kiister proposed to classify isomorphous mixtures as 
something different from solid solutions. Walker and Appleyard: 
found that the reacting weight of picric acid in silk as deter- 
mined by applying Nernst’s distribution law to the system, silk, 
water and picric acid, was less than the reacting weight in water. 
This struck them as so improbable that they decided that picric 
acid and benzene did not form a solid solution. Kiister* obtained 
even more surprising results with the system, iodin, starch and 


' Zeit. phys. Chem. 5, 322 (1890). * Tbid. 12, 510 (1893). 
* Jour. Chem. Soc. 69, 1334 (1896). ‘ Liebig’s Annalen, 283, 360 (1894). 
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water, the apparent reacting weight of the iodin in the starch 
being only one-fifth of the value in water. There seems no good 
reason for denying the existence of solid solutions in all three of 
these cases. By definition a solid solution is a solid phase whose 
composition can vary continuously within certain limits.’ Iso- 
morphous mixtures certainly come under this head. To make 
a qualitative classification on the basis of the applicability 
or non-applicability of a quantitative theorem such as the van ‘t 
Hoff-Raoult formula is putting the cart before the horse. The 
distinctions made by Kiister and by Walker and Appleyard are 
also bad in that the phases which are cast out of the ranks of the 
solid solutions are not taken in anywhere else and remain as 
waifs and strays. The only conclusion which does not go be- 
yond the facts is that in certain cases of solid solutions that have 
been examined, the van’t Hoff—Raoult formula for the change of 
the partial pressure with the concentration does not hold—as 
usually applied. The next step is to try to find out what the 
disturbing factor is. 

For isomorphous mixtures we know that the formula, as 
usually applied, does not hold. It is not known whether it 
applies in the case of systems where two series of solid solutions ° 
are possible. Owing to the low vapor-pressures of such systems, 
direct measurements present very unusual difficulties. It is pos- 
sible in some cases to obtain an approximate result by an 
indirect method. The effect of the separation of a solid solution 
is to raise the apparent freezing-point of the liquid solution. In 
case a solid solution does not separate the lowering of the freez- 
ing-point can be calculated approximately by means of the 


- n os e 
formula K AT The difference between this calculated 





+ 


- 


freezing-point and the actual freezing-point gives the rise of 
freezing-point due to the solid solution. According to the van 't 
Hoff formula, as ordinarily applied, the same formula that had 
been used to calculate the lowering of the freezing-point should 


' Bodlander has written an excellent statement of our knowledge in regard 
to solid solutions. Jahrbuch fiir Mineralogie, Geologie und Palaeontologie. 
Beilage-Band, 12, 52 (1898). 
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describe the relation between the rise of freezing-point and the 
concentration of the solid solution. It is clear that this method 
is not very accurate. It assumes that the lowering of the freez- 
ing-point can be calculated with accuracy in case no solid solu- 
tions occur. This is not strictly true for any solutions over any 
considerable range of temperature and does not hold at all for 
many solutions, such as alcohols or oximes in benzene. The 
assumption is also made that the reacting weight is ‘normal’ 
in the two solutions and there is the further assumption that the 
heat of fusion is unchanged. Then, too, the rise of freezing- 
point is the difference between two other values and contains a 
relatively large percentage error. For this reason the results by 
this method can never be very satisfactory, though they may be 
instructive. 

The observations with naphthalene and monochloracetic acid 
have been calculated on this basis, as being the only data avail- 
able. If AT is the depression of the freezing-point calculated on 
the assumption of no solid solution, and AT’ is the observed 
lowering of the freezing-point, the rise AT’’ due to the solid 
solution will be given by the equation AT — AT’ — AT’’., The 
results of the calculations for the naphthalene series are given 
in Table II. The constant used in calculating AT was 0.0183, 
and the K in the fifth column is that calculated, taking AT’’ 
and the concentrations in the solid phase as given. 


TABLE II 
Naphthalene series 
Temp AT AT’ AT” K, 
75 10.9° | 4.9° 6.0 0.0075 
70 20.0 9.9 10.1 0.0061 
65 | 29.8 | 14.0 14.9 0.0095 
60 35.8 19.9 15.9 0.0157 
55 40.8 24.9 | 15.9 0.0300 


It will be noticed that K, is in no sense of the word a con- 
stant; but it would be unsafe to draw the conclusion that the 
van ’t Hoff-Raoult formula did not apply to the solid solutions of 
monochloracetic acid in naphthalene. The range of temperatures 
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is nearly twenty-five degrees and it is doubtful whether the 
formula would apply to any system under such circumstances. 
Acetic acid gives abnormal results in benzene and presumably in 
naphthalene and there is no reason to suppose that monochlor- 
acetic acid does not do the same. For this reason the calculated 
values for AT are unquestionably too large and the same is true 
for AT’’. Decreasing A'T’’ would make the values of K diverge 
more than they now do; but, on the other hand, if we are to as- 
sume polymerization in the liquid solution there is certainly no 
reason why a similar state of things should not occur in the solid 
phase. It must be admitted that this is an exceptionally bad 
case from which to make deductions and that the most one is 
justified in saying is that it has not been possible to confirm the 
van 't Hoff—Raoult formula. 

The results with the acid series are equally unsatisfactory. 
The value of the constant was 0.0173, the heat of fusion being 
taken from Pickering’s data.t| For the first observation the 
actual lowering of the freezing-point is slightly greater than that 
calculated on the assumption of no solid solution, a result doubt- 
less due to experimental error. For the other observation the 
rise of the freezing-point AT’’ is roughly twice what it should 
be. In the first three observations in Table II the values for K, 
are not over half what they should be, meaning that the rise of 
freezing-point as calculated is not less than twice as great as that 
required by the theory. If we try to account for this by assum- 
ing that the error is in AT, we are placed in the unpleasant 
position of having to assume very considerable polymerization 
in the liquid phase in order to get ‘normal’ results in the solid 
phase. In view of the fact that in all cases of isomorphous 
mixtures the rise of the freezing-point is greater than that re- 
quired by the formula, it is probable that one may make the 
generalization that in solid solutions the lowering of the partial 
pressure is always greater than could be predicted from the van’t 
Hoff-Raoult formula in its usual form. To assume dissociation 
in order to account for this would be ridiculous. 





' Jour. Chem. Soc. 67, 664 (1895). 
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Although it is not possible at present to treat the subject 
quantitatively, for lack of sufficient data, it is easy to show 
qualitatively that the van’t Hoff-Raoult formula could not be 
expected to apply to solid solutions save in very exceptional 


aa 


. . n , 
cases. The deduction of the formula = log E is the same 


for a solid as for a liquid solution and contains the explicit as- 
sumption that the heat of dilution is zero. In the case of liquid 
solutions the heat of dilution may be so great as to reduce the 
apparent molecular weight nearly to half the normal value, as 
for instance with the amalgams of the metals of the alkalies and 
of the alkaline earths... We know nothing about the heat of 
dilution of solid solutions ; but there is no reason to suppose that 
it is zero in the large majority of cases. Whenever it is not zero 
the formula of wan ’t Hoff-Raoult for the change of partial pres- 
sure with concentration will not apply unless a correction be ap- 
plied for the heat of dilution. Another factor that has been 
completely disregarded by Kiister and others is that the heat of 
fusion of the solid solution is not that of either pure component. 
We see therefore that there is no reason why the change of pres- 
sure with concentration in solid solutions should follow the sim- 
ple van ’t Hoff-Raoult formula. It is also obvious that all de- 
terminations of reacting weights in solid solutions are liable to 
very considerable errors, errors of. such extent as practically to 
vitiate all conclusions drawn from them—for the present. 

This research has been carried on under the direction of 
Professor Bancroft. The chief results are: 

1. Naphthalene and monochloracetic acid form two series of 
solid solutions. 

2. The data necessary for the construction of the concentra- 
tion-temperature diagram have been determined. 

3. Glycolic acid forms two series of solid solutions with 
naphthalene and is much more soluble in naphthalene than is 
monochloracetic acid. 


‘Ramsay. Jour. Chem. Soc. 56, 521 (1889). Cf. Cady. Jour. Phys. 
Chem. 2, 525 (1898). 
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4. Acetic acid does not form solid solutions with naphtha- 
lene and it is probable that malonic and succinic acids do not. 


° . . Td 
5. It is probable that for most solid solutions _ < log p 


N p 
6. The cause of this discrepancy is to be sought in the heat 
effects. 


Cornell University 











A DEMONSTRATION OF THE PHASE RULE 


BY PAUL SAUREL 

The various demonstrations of the phase rule in existence 
are open to one of two objections: they are either long or in- 
complete. The object of the present note is to give a demonstra- 
tion which shall be both short and complete. 

Let 7 be the number of phases in a heterogeneous mass, and 
ux the number of its independent components. If the energy, 
entropy, volume, temperature, pressure, and masses of the com- 
ponents, of the unit of mass of the th phase be denoted 
by €, i Vi by Diy Miny Mizy «++ Mi, (SO that m,; denotes the mass 
of the 7-th component which is contained in the unit of mass of 
the 7-th phase) it can be shown’ that 

de; = tidn; — pido; ~ padmi +; idm, + «++ + pindm,,, (1) 
in which the »’s are not independent but are connected by the 
equation 

Mi, + Mig t+ 00+ + Min = 1. (2) 
€,, 4, J, and the w’s are functions of »,, v, and the m’s, and con- 
sequently »,, 7; can be expressed in terms of 4, f, and the 
m’s; we may therefore say that €,, 9, 7, and the M’s are func- 
tions of 7, f; and the m’s, the m’s, of course, being connected 
by equation (2). 

If we denote the mass of the 7th phase by M,, the mass of 
the 7-th component by S,, and the energy, entropy, and volume 
of the whole system by E, H, V, we shall have 


E—S Me, (3) 


H= Ms, (4) 


' Gibbs. On the Equilibrium of Heterogeneous Substances, p. 116. 
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and # equations of the form 


m,;M, + mM, + «-- + m,M, = M,. (6) 


vy 





The conditions of equilibrium are found by expressing that the . 
energy is a minimum when the entropy, volume, and masses of 

the independent components remain constant. That is to say, 

we must have 


dE » fe) (7) 
when 
dH=o, dV =o, (8) 
and 
aM, =o, Jui, 3, 0,8. &) 


From relations (3) and (7) we obtain 


dE > Mide; 7 
1 


«dM; — 0, 
i s= 5 a 


or, by equation (1), 


dE = = Mitidn; — = Mipidv, + = Mi; E py dm, 
I I 


i=I 1 


+ LedM; — oO. (10) 


From equations (4), (5) and (8) we get 





r , tv 
o = = Man; + = nid Mi:, 
7 I z I 
O- > M,a?z; + > via M,;. 
re | i I 
Multiplying the first of these equations by — 4, the second by : 
f,, and adding the results to (10), we get 
T—TI =f 2 
dE 2 M, (4; t,)dn,; = > 3 M,( p: 7 p )dv; : 
t I 2 I 
r r n =! 
+3 (6 —6m + prvi)dM, + M; > pdm; -_ oO. (11) 
i=! f=3 jot _ 


We have not yet taken into account equations (9), but as those 











Demonstration of the Phase Rule 139 


equations contain neither the y’s nor the z’s, and as these last 
quantities are capable of positive and negative variations, we 
obtain as conditions of equilibrium 

i=t=..= 


‘ t,, 

9, =), = «++ = fp. 

Denoting the common temperature and pressure by / and /, re- 

lation (11) becomes 
’ 


dE => (€;— ™ + pui)dM:i + 2M 
I I 


2 7 


F = pydmy > o. (12) 
j= ai 

If we represent the mass of the 7-th component which is con- 
tained in the “th phase by M,,, we shall have 


My 
mM; M, » 
and 


aM,; 
émy = a, — Me 





This relation transforms (12) into 


, n r n ~ 
dE => (€; — + pour — ZS pwymy)dMi + E pwydMy =O; 
I 1 I 


i J mig 


and, finally, since 


Mi, + Mis + ++ + Min = Mi, 


r 


n n ’ n 
aE => (€;— 4+ prr— pms) 2 dMy + FY TaAMyZo. (13) 
I j= i I 


s=1 } 1] 

The differentials which appear in this last relation are not 
all independent; we have still to take account of equations (9). 
If it be observed that equation (6) can be written in the form 


My +My +... + My = MM, 


it is seen that equations (9) impose # conditions upon the differ- 
entials @M,. We can therefore eliminate # of these differentials 
from (13), and there will then remain xr — » independent dif- 
ferentials. If they are all capable of positive and negative 
values (this is the case when each component occurs in each 
phase), we shall obtain ~r—x conditions by equating their 
coefficients to zero. These conditions will be equations between 
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t, p, the e’s, v's, w’s, and m’s; or, since the e’s, n’s, 7’s, and p’s 
are functions of /, A, and the m’s, they will be equations between 
¢, p, and the m’s. The 2 — xr quantities, 4, A, and the m’s, are 
thus subject to ~ relations of the form (2), and to the zr — » rela- 
tions obtained from (13); there are therefore 7 — r— 2 of these 
quantities which are arbitrary. 

If some of the differentials @M,; are incapable of negative 
values (this occurs when the 7-th component does not occur in 
the z-th phase) we cannot equate their coefficients to zero. The 
number of equations obtained from (13) is thus reduced ; but 
for every equation thus lost we get an equation of the form 
m,, == 0. ‘The number of equations between 4, A, and the m’s is 
thus the same as before, and, as before, we find that #7 —r — 2 
of these quantities are arbitrary. 

The independent components of the system may not be in- 
dependent components of each phase, that is to say, in certain 
phases certain of the components can enter only in definite pro- 
portions and certain other components can enter not at all. 
These conditions are expressed by / equations of the form 


mM; AjeMiz, 
A, being a constant, and by g pairs of equations of the form 
Mik 0, dm, =o. 
As a consequence we shall have / equations of the form 
aM; And Mig, 
and g equations of the form 
aMip, Oo. 


We now have x . ~~ g relations between the differentials that 
occur in (13), and in consequence we obtain from (13) only 
ur —n— p — g equations between /, f, and the m’s. We must, 
however, add to these the # equations 


1; = AvyRMix, 


and the g equations 
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as well as the 7 relations (2). And again we find that ~—r- 2 
of the quantities in question are arbitrary. 

We have thus shown that, in every case, when ”— 7+ 2 
of the variables, temperature, pressure, and concentrations, are 
chosen, the others are thereby fixed. It is worth noting also, 
that this choice fixes likewise the specific volumes. To com- 
plete the discussion we must examine the relations which exist 
between temperature, pressure, and concentrations on the one 
hand, and the masses of the phases, the masses of the compo- 
nents, and volume, on the other. The relations are given by 
equations (5) and (6). In the discussion of these equations it 
will be assumed that the Ws are given. 

I. Suppose that r=%-+ 2. The values of the tempera- 
ture, pressure, and concentrations are determinate and the system 
is said to be invariant. In equations (6) we can choose arbi- 
trarily two of the masses; the remaining 7 — 2 can then be deter- 
mined from the # equations, and the volume is found from 
equation (5). The state of an invariant system is thus absolutely 
fixed when, in addition to the masses of the components, the 
masses of two of the phases are given. 

If, in addition to the masses of the components, the volume 
V be given, then in equations (5) and (6) we can choose the 
mass of only one phase arbitrarily; the remaining ~—1 will 
then be determined by the #+ 1 equations. The state of an 
invariant system is thus absolutely fixed when, in addition to 
the masses of the components, the mass of one phase and the 
total volume are given. 

II. Suppose that y+ 1. In this case, one of the quan- 
tities, temperature, pressure, and concentrations is sufficient to 
determine all the others, and the system is said to be univariant. 
In equations (6) we can choose one of the masses arbitrarily ; 
the remaining » — 1 can then be determined from the 7 equa- 
tions, and the volume is found from equation (5). The state of 
a univariant system is thus absolutely fixed when, in addition 
to the masses of the components, the temperature and the sams 
of one phase, or the pressure and the mass of one phase, are 
given. 
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If, in addition to the masses of the components, the volume 
of the system be given, the # ~ 1 equations (5) and (6) will 
determine the masses of the phases. The state of a univariant 
system is thus absolutely fixed when, in addition to the masses 
of the components, the temperature and the volume, or the pres- 
sure and the volume, are given. 

III. Suppose that ry = x. In this case, two of the quantities, 
temperature, pressure and concentrations determine the others, 
and the system is said to be divariant. If ihe temperature and 
the pressure be given, the concentrations are thereby fixed and 
equi tions (6) and (5) give the masses of the phases and the vol- 
ume. The state of a divariant system is thus absolutely fixed 
when, in addition to the masses of the components, the tempera- 
ture and the pressure are given. 

Suppose that the temperature and the volume are given. 
The condition that equation (5) should be compatible with 
equations (6) is expressed by an equation between the concentra- 
tions and the specific volumes. As all these quantities are func- 
tions of the temperature and the pressure, and as the temperature 
is given, this equation determines the pressure. Similarly, when 
the pressure and the volume are given the temperature will be 
fixed. The state of a divariant system is thus absolutely fixed 
when, in addition to the masses of the components, the tem- 
perature and the volume, or the pressure and the volume are 
given. 

A special case worth noticing occurs when equations (6) do 
not determine the masses, that is when 


| 
mM, Ms, «s+ M,, 





M,. M,. coe M,, 


Be ne 


M,, My, sss M,, 


But as the concentrations are all functions of the temperature 
and the pressure, this is really an equation between the tempera- 
sure and the pressure. The temperature, then, will determine 
the pressure and the concentrations. Completely to define the 
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state of the system, we must in addition choose the mass of one 
of the phases or the volume. 

IV. Suppose that ry < #. The system is said to be poly- 
variant, for after choosing the temperature and the pressure we 
shall still have to fix ~—vr of the concentrations before the 
others are determined. Now, the conditions that the 7 equations 
(6) should be compatible are expressed by # — r equations be- 
tween the concentrations. Choosing the #— r independent con- 
centrations so that these conditions are satisfied, the masses of 
the phases and the volume are determined. The state of a poly- 
variant system is thus absolutely fixed when, in addition to the 
masses of the components, the temperature and the pressure are 
given. 

Suppose that the temperature and the volume are given; 
the pressure and 7— +r of the concentrations are still arbitrary. 
But the conditions that equations (5) and (6) should be com- 
patible are expressed by #— yr — 1 equations between the con- 
centrations and the specific volumes. Choosing the pressure 
and the z — r independent concentrations so that these equations 
are satisfied, the state of the system is determined. Similarly, 
when the pressure and the volume are given the temperature 
and the #— r independent concentrations will be fixed. The 
state of a polyvariant system is thus absolutely fixed when, in 
addition to the masses of the components, the temperature and 
the volume, or the pressure and the volume, are given. 

It may be noted, finally, that in each case the state of the 
system is determined by the masses of the components and two 
additional variables. In the case of divariant and polyvariant 
systems we may choose as the additional variables any two of 
the three quantities, temperature, pressure, and volume. For 
univariant systems we may take as variables the temperature 
and the volume, or the pressure and the volume, but not the tem- 
perature and the pressure. 


Université de Bordeaux, January, 1899. 








THE EQUILIBRIA OF STEREOISOMERS, III 


BY WILDER D. BANCROFT 


This paper is devoted to the discussion of the changes of 
equilibrium when a substance that exists in two modifications in 
the melt is brought in contact with another component which 
can form a solid compound with one or both of the modifications. 
Passive resistances to change are excluded explicitly. As in the 
previous papers' the modification that has a stable melting-point 
will be called the a modification, while the form having no 
stable melting-point will be known as the 8 modification. The 
other component will be called the component C. If the com- 
ponent C forms a compound both with the a and the 8 modifi- 
cation we may consider four possibilities. 

I. The a modification, the a compound and the component 
C can each exist in stable equilibrium with solution and vapor. 

II. The a modification, the 8 compound and the component 
C can each exist in stable equilibrium with solution and vapor. 

III. The a modification, the a compound, the 8 compound 
and the component C can each exist in stable equilibrium with 
solution and vapor. 

IV. The a modification, the 8 modification, the 8 compound 
and the component C can each exist in stable equilibrium with 
solution and vapor. 

The diagram for Case I is given in Fig. 1.2. The melting- 
point of the a compound is denoted by H and that of the 8 
compound by kK; the dotted line HK represents the freezing- 
point curve for mixtures of the two compounds. Since a system 
of the type under discussion behaves like a three-component sys- 


‘Jour. Phys. Chem. 2, 143, 245 (1898). 
* The letter S has been omitted in the diagram from the intersection of RC 
with EI. 
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tem provided we work rapidly, it will therefore be possible to 
realize the boundary curves LV, EI, FI, IV, VO, GO and DO. 
The solid phases are the a modification and the a compound 
along LV, the a compound and the component C along EI, the 
component C and the 8 compound along FI, the a compound 
and the 8 compound along IV, the a modification and the 8 
compound along VO, the 8 compound and the § modification 
along GO, the 8 and the a modifications along DO. The arrow- 
heads point in the direction of rising temperature as deduced by 








Fig. 1 


applying the theorem of van Rijn van Alkemade. For the pur- 
poses of discussing this particular case, it is immaterial whether 
the point O or the point V lies nearer the point D. If the rela- 
tive positions of the two points were reversed, the only difference 
would be that the a compound and the 8 modification would be 
the solid phases along VO instead of the 8 modification and the 
a compound as now. The boundary curve for the two modifi- 
cations would of course then be DV instead of DO. 

If we work very slowly so that equilibrium will be reached, 
the boundary curves will be represented by the dotted line 
XNRSC. Here X is the stable triple point with the @ modifi- 
cation as solid phase; N is the stable quadruple point with the 
a modification and the a compound as solid phases; §S is the 
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stable quadruple point with the a compound and the component 
C as solid phases. The a modification is solid phase along XN, 
the a compound along NRS and the component C along SC. 
Since the curve for stable equilibrium XNRSC does not cut the 
fields for the 8 modification or the 8 compound, neither of these 
substances can exist in stable equilibrium with solution and 
vapor. Along the curve XNRSC the temperature rises from N 
to X and to R, and from Sto R and to C. The equilibrium 
curve cuts HTK at R and this is therefore the highest tempera- 
ture at which the a compound can exist in stable equilibrium 
with solution and vapor. If there is any satisfactory way of de- 
termining analytically the amount of either of the modifications 
in the melt, the actual determination of the stable and the in- 
stable boundary curves will present no difficulty provided the 
reaction velocity be not too great. In the majority of cases 
rapid quantitative separations will be impossible and it will 
therefore be worth while to consider how approximate results 
can be obtained without making any analyses. It is clear that 
the greater the reaction velocity, the more fleeting will be the 
composition of an instable phase and therefore the greater the 
experimental error. In order to avoid unnecessary complica- 
tions we will assume that the rate of change is very small. The 
concentration of the solution about AXDB can be determined 
by mixing the a and 8 modifications in varying proportions and 
determining the melting-points and freezing-points of the mix- 
tures, as has been done by Cameron’ with the two benz- 
aldoximes. Owing to the fairly rapid heating that is essential, 
this method is anything but accurate. No one would dream of 
determining the solubility of a salt in water in this way. If, 
however, one cools the melt as soon as the last solid particle has 
disappeared and if one determines the temperature at which the 
solution begins to freeze, one has a check on the results. Bar- 
ring a displacement of the equilibrium, the temperature of final 
liquefaction would be the same as the temperature of initial 
solidification in case there were no experimental error. When 


‘Jour. Phys. Chem. 2, 4og ( 1898). 
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the two differ 





as they always will —the true temperature lies 
between the two observed. When the mixture has the compo- 
sition denoted by the point X the error due to a displacement of 
equilibrium at constant temperature becomes zero and therefore 
this point can be determined with a certain degree of accuracy. 
The curve HRTK can be determined in a similar way by taking 
mixtures of the twocompounds. Inan analogous manner it will 
be possible to determine ALHEC and BGKFC. If a quantita- 
tive study of the whole system be desired, there seems to be no 
other way than to make a series of ternary mixtures and deter- 
mine the fusion points. The error here would of course be 
greater than with the binary mixtures. This would also involve 
a larger amount of material than will usually be available. For 
most purposes a qualitative determination of XNRSC will be all 
that is necessary. This can easily be made. The temperatures 
of X and R can be found readily and there is no difficulty in 
telling which form is the more stable. We can next start at X 
and add varying amounts of C determining the freezing-points 
at equilibrium. This will give us the temperatures and the 
amounts of C corresponding to the stable boundary curve 
XNRSC._ If there are only two quadruple points, N and S, and 
the a compound is the stable one, the system must belong under 
Case I. Itis clear that if quantitative determinations of X and 
R be made, a very good guess can be made as to the rest of the 
curve, and it would be a simple matter, if desired, to verify a 
couple more points on the curve. 

The diagram for Case II is given in Fig. 2. The letters 
have the same significance as in the preceding diagram’ except 
that S is now the stable quadruple point with the 8 compound 
and the component C as solid phases. The point N has disap- 
peared and the point M represents a stable quadruple point with 
the a modification and the 8 compound as solid phases. The 
equilibrium curve is XMRSC. An inspection of the diagram 
shows that the addition of the component C displaces the 


‘To avoid crowding there is no arrowhead on OV. The temperature 
rises from O to V and to D. 
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Fig. 2 


equilibrium between the two modifications to such an extent 
that the curve for stable equilibrium no longer cuts the boundary 
curve LV, cutting VO instead. The 8 compound will therefore 
be the stable form and not the acompound. ‘Thissystem can be 
recognized as easily as the preceding one. If there are only two 
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Fig. 3 
quadruple points on the curve XMRSC and the 8 compound is 
stable, the system comes under Case II. 
The diagram for Case III is given in Fig. 3. The instable 
boundary curves are the same as in the two preceding diagrams 
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except that the point V lies between the points D and O. The 
stable boundary curve is represented by XNMRSC. The dis- 
placement of equilibrium by addition of the component C is not 
so marked as in the preceding case and the curve for stable 
equilibrium enters the field for the a compound at N and the 
field for the 8 compound at M. The point N is a stable quad- 
ruple point with the a modification and the a compound as solid 
phases ; the point M is a stable quadruple point with the @ and 
the 8 compounds as solid phases while S is the third quadruple 
point with the 8 compound and the component Cas solid phases. 
Both the a and the 8 compounds can thus be in stable equilib- 
rium with solution and vapor; but the 8 compound would ordi- 
narily be called the ‘stable’ form because it is the form that 
is stable when one starts with either of the pure compounds. 
The temperature rises along the equilibrium curve from S to R 
and to C, from N to R and to X, the temperature of the point 
M being necessarily higher than that of the point N because a 
solution containing less of the component C than the compounds 
cannot solidify to a mixture of the two compounds. This case 
can be distinguished from the preceding two by there being 
three quadruple points. While it is possible theoretically to 
detect the existence of a third quadruple point by plotting the 
observed freezing-points against the percentage composition C 
and determining the sudden changes of direction, it will always 
be safer to check this result by studying the rate of cooling of 
each mixture, plotting freezing-points against time. This case 
can be distinguished from Case IV by the temperature of the 
second quadruple point M, being higher than that of the first 
quadruple point N. 

The diagram for Case IV is given in Fig. 4. The instable 
boundary curves are the same as in the preceding case. The 
stable boundary curve is represented by the curve XQMRSC, 
where Q is a stable quadruple point with the a and 8 modifica- 
tions as solid phases. The other letters have their usual signifi- 
cance. The temperature rises along the equilibrium curve from 
S to C and to R and from M to X and to R. The temperature 
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Fig. 4 


of the point Q must be higher than that of the point M because a 
solution containing the component C cannot solidify to a mix- 
ture of two phases neither of which contain C. This case can 
be distinguished from Cases I and II by there being three stable 
quadruple points instead of two; it can be distinguished from 
Case III by the temperature of the second quadruple point being 
lower than that of the first. The four cases are thus easily dis- 
tinguishable. Since the stable quadruple point S is common to 
all four cases we may ignore it and formulate our general rule as 
follows: To identify a system take different mixtures of the 
stable modification and the stable compound and determine the 
number and temperatures of the stable quadruple points. 

1. If the a compound is the stable one and but one stable 
quadruple point is found the system comes under Case I. 

2. If the 8 compound is the stable one and but one stable 
quadruple point is found the system comes under case II. 

3. If the 8 compound is the stable one and two stable 
quadruple points are found, the system comes under Case III, 
provided the quadruple point nearer the stable triple point has 
the lower temperature. 

4. If the 8 compound is the stable one and two stable 
quadruple points are found, the system comes under Case IV, 
provided the quadruple point nearer the stable triple point has 
the higher temperature. 
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While these four are without doubt the most important 
cases, there is at least one other that is possible on paper. In 
Fig. 3 the curve for stable equilibrium could have been drawn 
so that the point M lay between T and I instead of between T 
and VY. The point R would then lie in the field for the a com- 
pound which would thus become the ‘stable’ compound. Such 
a system presents no difficulties from a graphical point of view; 
but somehow it seems improbable chemically. There would be 
no difficulty in recognizing such a system if it did occur, because 
there would be two stable quadruple points between R and C. 
Of course, everyone understands that the curves IV, VO and 
OD do not form a straight line and that there will be a change 
of direction at each quadruple point. There seemed to be no 
object in representing this in the diagrams where the aim was to 
reduce everything to first principles and to present only the 
essential skeleton. 

There is one point however that calls for special mention. 
The quantitative determination of the instable boundary curves 
by observing the fusion points of mixtures is an unsatisfactory 
method at best. It becomes a hopeless one in case the com- 
pound behaves, for instance, like phthalic acid, dissociating into 
phthalic anhydrid and water." Under these circumstances there 
would be, theoretically, two instable concentration-temperature 
surfaces; one when the compound has neither dissociated nor 
changed over and the other when the compound has dissociated, 
but has not yet changed over. That such a state of things is 
not impossible is shown by the fact that with fumaric and maleic 
acids we have the fumaric acid changing below its melting-point? 
into maleic anhydrid and water. This differs from the case we 
have been discussing in that there is only one anhydrid and not 
two. This possibility of dissociation, though playing havoc 
with quantitative determinations of the instable boundary curves, 
does not affect the qualitative determination of the curve of 


' Jour. Phys. Chem. 3, 72 (1899). 

? Although maleic acid in water certainly changes into fumaric acid above 
100°, it seems not improbable that at ordinary temperatures we may have a case 
of passive resistance. See Skraup. Monatsheft. 12, 107 (1891). 
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stable equilibrium. On the other hand, if the instable com- 
pound has not been isolated, its existence can be pre- 
dicted from the fact of the stable compound having a vari- 
able freezing-point only in case it is shown that this varia- 
tion is not due to dissociation. 

So far it has been assumed explicitly that the component C 
forms a compound with both the modifications. This is not 
necessarily the case and it will therefore be desirable to con- 
sider at least one system in which only one compound is formed. 
The diagram marked Fig. 5 illustrates a case in which the 8 











B 

Fig. 5 
compound is possible and is stable while the a compound does 
not exist. The further assumption involved is that any change 
due to dissociation of the compound at melting is so rapid that 
it cannot be detected without special effort. 

The lettering of the preceding diagrams has been kept as far 
as possible. The line HK has disappeared with the field for the 
a compound and has been prepared by the line ATRK connect- 
ing the melting-points of the a modification and the 8 compound. 
The curve for stable equilibrium is represented by XMRPSC. 
One would naturally expect R to be the highest stable melting- 
point at which the 8 compound can be in equilibrium with so- 
lution and vapor ; but this view presents a serious difficulty. A 
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maximum melting-point should mean a constant melting-point. 
A solution having the composition of the point R cannot solidify 
without change of temperature because the solution has not the 
composition of the solid phase, the 8 compound. We are there- 
fore forced to the conclusion that the maximum temperature 
along MRS is not at R but at P, the point (omitted from the dia- 
gram by mistake) at which a line through K parallel to BA cuts 
RS. If it could be shown that a maximum freezing-point was 
not necessarily a constant freezing-point then the temperature of 
the point R might be higher than that of the point P. This, 
however, seems improbable,’ though the converse proposition 
that a constant melting-point is not necessarily a maximum or a 
minimum is known to be true for some systems forming solid 
solutions. If the point P is a maximum temperature the point 
M may lie on the other side of T. 

Of course, there are other cases conceivable, in which the 
a compound is the only one and is stable; in which the 
8 compound is the only one and is not stable; in which the 
8 modification is the stable, etc., etc. Since these cases do not, 
at present, appear to offer any points of especial interest, this 
brief reference to them will suffice and we can now consider 
some of the experimental data referring to the different cases 
that have been discussed. 

In the hydrochlorids of the aromatic aldoximes some of the 
conditions required by the theory are realized. Benzaldoxime 
occurs in two modifications, the a form melting at 35° and the 
8 form melting at 132°, the former being the more stable. Two 
hydrochlorids are known, the a compound melting at 105° and 
the 8 compound melting at 67°. Of these the 8 compound is 
the more stable. We have thus a reversal of stability. It 
appears improbable that this system should belong under Case 
IV. The experimental data are not sufficient to enable us to 
decide between Cases II and III. It is stated that the a hydro- 
chlorid crystallizes as stable form from cold ether. If this is 


'Cf. Miller, Jour. Phys. Chem. 1, 505, (1897). 
? Meyer and Jacobsen. Lehrbuch, 2, 511. 
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correct there must be an inversion temperature for the two 
hvydrochlorids and this may lie above the temperature of the 
point O. If this is not so, this system will come under Case II. 
Trimethyl benzaldoxime occurs in two modifications and two 
hydrochlorids have been isolated, of which the 8 compound is 
the more stable.t. I have not been able to find any record of 
addition compounds of the aldoximes where the @ compound is 
the more stable. On the other hand, the sodium salt of the 
a-benzaldoxime is more stable than the sodium salt of the 
8-benzaldoxime. Ifthe ammonium salts ofthe two benzaldoximes 
could be prepared we should have a system coming under Case I. 
The system fumaric acid, maleic acid and ammonia comes under 
Case I, as do also all systems composed of ammonia and two 
mutually convertible acids. 

With anisaldoxime only the 8-hydrochlorid has been iso- 
lated. There is nothing to show whether the a-hydrochlorid 
can exist or not. If it cannot exist, this system would then be 
represented by the diagram in Fig. 5. Chloral and water would 
appear to be a case of this kind provided we assume that meta- 
chloral is the stable form. Unfortunately, we do not really 
know enough about the reversible transformations of chloral and 
metachloral to enable us to speak definitely. 

Since the form of the equilibrium curve is the most impor- 
tant feature in determining the equilibrium phenomena, it is 
necessary to consider what predictions can be made with regard 
to the displacement of equilibrium on adding a component C, 
irrespective of whether C does or does not form a compound 
with one or both of the modifications. Anything that changes 
the chemical potential of either of the reacting substance wills 
displace the equilibrium. It has been shown by Miller? that, for 
a given concentration, the chemical potential of the solute is 
lower, the more soluble the solute is in the solvent. In other 
words adding a component C will displace the equilibrium in 


'Hantzsch and Lucas. Ber. chem. Ges., Berlin, 28, 744 (1895); Lucas. 


Ibid. 29, 956 (1896). 
2 Jour. Phys. Chem. 1, 636 (1897). 
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such a way as to increase the concentration of the more soluble 
modification. There are as yet no data to establish this point 
for stereoisomers where the component C forms compounds 
neither with the a nor with the 8 modification ; but fortunately 
the aldoximes illustrate the point when we treat with acid or 
alkali. It is clear that if one of the modifications is more alka- 
line than the other it will be the more stable in the presence of 
acids, while the reverse will be true in alkaline solutions. It 
has been pointed out that the hydrochlorid of S-aldoxime is the 
more stable and the sodium salt of the a-benzaldoxime. The 
two sodium salts have been prepared and studied by Goldschmidt 
Roder.' It was found that the sodium salt of the a modification 
was dissociated electrolytically in aqueous solution, while the 
sodium salt of the 8 modification underwent hydrolysis, the 
solution containing free oxime and alkali. This result was in- 
terpreted correctly by Goldschmidt and Réder without reference 
to the chemical potential. Stress has been laid upon it here to 
bring out the relation between this phenomenon and the effect 
due to adding benzene or any other so-called indifferent solvent. 

In this paper there has been given a fairly complete classi- 
fication of the equilibria to be expected when two mutually con- 
vertible modifications are brought in contact with a substance 
capable of forming compounds with one or both of the modifi- 
cations. It has been shown that Duhem’s theory enables us to 
predict reversals of stability, instances of which are known 
experimentally. The conditions under which displacement of 
equilibria occur have also been outlined. 


Cornell University 


' Ber chem. Ges. Berlin, 28, 2013 (1895). 











ON THE MOLECULAR WEIGHT OF SULPHUR IN 
CARBON DISULPHIDE SOLUTIONS 


BY H. T. BARNES 


Orndorff and Terrasse have shown’ in a very extensive 
series of determinations of the molecular weight of sulphur that 
in solutions of metaxylene, phenetol, phenol and naphthalene 
the molecular complex at the boiling-point is represented by 256 
or §,. Their results in solutions of carbon disulphide, benzene 
and toluene show 288 or S. Their freezing-point determina- 
tions point to S, and even to S.. 

Aronstein and Meihuizen’ find on the contrary that in CS, 
sulphur has the value S,. It becomes a matter of interest to 
study this point further and to see what can be learned from a 
consideration of the density of solutions of S in CS. 


It has been shown: that for salt solutions the amount of water 


displaced by the salt bears a fairly approximate molecular relation 
to the amount of salt added. This molecular ratio may be repre- 
sented by even numbers of molecules of water to one molecule of 
the salt, and for the salts investigated the ratio was either 1, 2, or 3. 
It appears then that what may be called the effective volume occu- 
pied by the molecules of different salts in solution differ, but that 
this varies by whole numbers. Noattempt was made todiscuss this 
question in the paper above cited or the effect of dissociation on 
the effective sizes of the salt molecules, for it is unlikely that the 
total space occupied by a salt molecule dissociated or undis- 
sociated would differ very much, it would likely depend on the 
interspacial relations. Hence what relation does the molecule 


' Am. Chem. Jour. 18, 173 (1896). 
* Chem. Centralblatt, 2, 1194 (1898). 
* Barnes and Scott. Jour. Phys. Chem. 2, 536 (1898). 
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of sulphur have in solution to the number of molecules of CS, 
it displaces? We are met with a difficulty at the outset in the 
question as to the effective volumes of the CS, and S molecules. 
Can it be said that the molecules have the same effective size or 
different, if different, then in all probability they will differ by a 
whole number as in the case of the salt molecules. So although 
the absolute value of the S molecule may not be obtained by a 
study of the density of sulphur solutions, yet it will be possible 
to say whether sulphur may be represented by S, or S,. Accept- 
ing the lowest limit 76 for the molecular weight of CS, then the 
weight of sulphur should be some multiple either of S, or S.. 

The most trustworthy determinations of the density of sul- 
phur solutions in carbon disulphide are those of Pfeiffer." He 
has given the following direct measurements in Table I. 


TABLE I 
%S Spez. Gew. % 8 Spez. Gew. 
o 1.2708 {| 12 -4.3297 
2 1.2802 | 14 1.3399 
4 1.2901 16 1.3502 
6 1.2998 | 18 1.3604 
8 1 3096 20 1.3709 
10 1.3195 


The density is expressed in terms of water at 4° C. Taking 
the density @ and multiplying by the percent weight f and 
dividing by 100, the weight w of S in 1 ce of solution is 
obtained. Adding to this the weight of 1 ce of CS, a theoretical 
density is obtained, assuming there be no change in volume on 
the addition of sulphur. The amount of CS, displaced by 
the sulphur is given by differencing the calculated and observed 
densities. In Table II are given the numbers deduced from 
Pfeiffer’s observations. 


' Zeit. anorg. Chem. 15, 194 (1897). The author desires to express his 
thanks to Prof. Bancroft for having these determinations copied off and sent to 
him. 
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TABLE II 

p d w 1.2708 + w d 20 

a 1.2708 oO Oo “eel ae 
2 | 1.2802 | 0.0256 1.2964 | 0.0162 0.0152 
4 | 1.2901 0.0516 1.3224 0.0323 0.0307 
6 | 1.2998 0.0780 | 1.3488 0.0490 0.0463 
8 | 1.3096 0.1048 | 1.3756 0.0660 C.0622 
10 1.3195 0.1320 | 1.4028 0.0833 0.0784 
12 1.2297 0.1596 | 1.4304 0.1007 0.0948 
} 14 1.3399 0.1876 | 1.4584 0.1185 O.1114 
16 1.3502 0.2160 | 1.4868 0.1366 0.1283 
18 1.3604 0.2449 | 1.5157 0.1553 0.1454 
20 1.3709 0.2742 | 1.5450 0.1741 0.1628 

Diff 





0 10 -20 30 W. 
Fig. I 


The plot of zw and (1.2708 + «) — d shows very clearly the 
regularity of the observations. On the same plot the last col- 
umn of the table is represented by a straight line which gives ! 
the relation 
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as representing the weight of displaced CS. The line falls 
below the observed density line but is very much closer than 
any other relation. The agreement is fair considering the diffi- 
culty of avoiding error in determining the densities of CS, 
solutions. It appears then that these results point to a molecu- 
lar weight for sulphur of S, instead of S.. Whether it should 
be S, depends of course on the relative effective sizes of the 
molecules. 
McGill University, Feb. 21, 1899 











FREEZING-POINT IN TERNARY MIXTURES 


BY JOHN WADDELL 


McIntosh states as the result of his work' that the addition 
of a substance to a binary solution in equilibrium with a solid 
phase, raises the freezing-point if the substance added be non- 
miscible with the component appearing as the solid phase. On 
the other hand the freezing-point is lowered if the component 
added be nonmiscible with the component which does not appear 
as solid phase and the lowering is greater than if the substance 
were added to the pure solvent. In the third case, where the 
three components are miscible, the sum of the single depression 
is usually greater than the depression for the mixture. 

A peculiar modification of the last case is when the solutes 
are readily miscible with each other and one solute readily mis- 
cible with the solvent while the second solute is but sparingly 
miscible with the solvent at the temperature of the experiments. 
If the components of a binary solution be A and B, of which A 
is the one separating in the solid phase, the addition of a third 
substance C slightly miscible with A and readily miscible with 
B might be expected to lower the freezing-point till a certain 
quantity of it was added and then to cause a rise in the temperature 
of freezing. I have made some experiments with a view to ob- 
taining this result and though I have not hit upon a combination 
of substances which is ideal, I have arrived at some results 
which indicate that the general conception of the case is correct. 

Water was chosen as the solvent which was to separate in 
the solid phase. The readily soluble solute chosen was acetone, 
and a number of substances sparingly soluble in water and 
readily soluble in acetone were experimented with. 





‘Jour. Phys. Chem. 1, 492 (1897). 
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Table I gives a series of determinations of the lowering of 
the freezing-point of water by the addition of acetone alone. 
The first column gives the number of grams of acetone in one 
hundred grams of water; the second column gives the corre- 
sponding lowering of the freezing-point; while the third column 
gives the molecular weight of acetone as calculated by the 


formula M . 18.5. Those determinations were not all 
TABLE I 
£& ‘ g 
— X 18. — X 18. 
g A A . £ a 4 ‘ 
0.483 0.16 55.9 11.40 3-43 61.5 
1.42 0.46 57.0 11.53 3.65 60.0 
1.72 0.56 56.8 12.45 3.82 60.1 
3-08 0.96 59-4 13.62 4-25 59-3 
3.99 1,22 60.5 14.20 4.50 58.3 
4.11 1.29 58.9 14.76 4.44 61.5 
4.38 1.38 58.5 17.50 5-34 | 60.6 
6.78 2.13 58.9 21.18 6.35 61.6 
7.58 | B28 61.2 23.12 7.48 60.1 
8.63 2.67 59.7 24.84 7.62 60.2 
10.21 | 3.11 59.7 27.00 8.41 59-3 
10.38 | 3.09 | 62.1 27.61 8.34 61.3 
11.40 | 3.44 ! 61.2 


made in one series; a number of them were obtained when 
determining the freezing-point of a mixture of water and acetone 
preparatory to adding the second solute. 

Salicylic acid was first experimented with. It was found to 
be more sparingly soluble in water at 0° C. than was expected from 
the solubility given in the books for higher temperatures; 100 
grams of water dissolve 0.187 gram of salicylic acid. The 
freezing-point of the water was lowered by an amount between 
0.02° C. and 0.025° C., which corresponds to the normal depression 
for the undissociated molecule. A depression of 0.023° C. givesa 
calculated molecular weight 146, while that of salicylic acid is 
158. When acetone was present with the water, I did not in 
any case get a depression of the freezing-point, but on the other 
hand I did obtain ove mixture in which there was no rise. 
Table II givesthe numbers obtained. In this and in all the other 











162 John Waddell 
TABLE II 
Acetone Salicylic acid A 
7 3.08 g 0.190 g £0.00" 
10.21 0.283 +0.02 
27.61 0.046 +0.01 
27.61 0.177 +0.18 


tables the quantities of the solute are expressed in grams per 
hundred grams of water. The first and last lines of Table II 
show the difference depending upon the relative quantity of ace- 
tone. When there was a small proportion of acetone, the lower- 
ing of the freezing-point of the water by the solution of the 
salicylic acid in it, was just neutralized by the withdrawal of 
the acetone, which tends to raise the freezing-point. 

Tables III and IV show that phenol and paranitrophenol 
are very similar in their action to salicylic acid. 


TABLE III 





Acetone Phenol A 
3-12 g 1.262 g +-0,12° 
1.754 +O.21 
2.344 TO. 35 
saturated +0.46 
TABLE IV 
Acetone Paranitrophenol A 
14.76 g 0.066 g +O.005 i 
0.133 0.025 
0.250 0.035 
0.330 0.065 
0.430 0.095 
0.530 0.12 
0.643 O.14 


In Table V the results are given with hydroquinone, and 





TABLE V 
Acetone Hydroquinone A 
9.71 ¢ 0.755 g | +0.00° 7 
1.184 -O.05 
2.667 0.07 
3.08 0.09 
4.09 0.14 


5.46 0.19 
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since 0.754 g of hydroquinone gives neither risen or depression 
of freezing-point it would seem that with a smaller amount of 
hydroquinone than that, a /owering of the freezing-point might 
be noticed. The normal lowering of the freezing-point by 0.755 
gram of hydroquinone in a simple aqueous solution is 0.127° C. 
Salicylic acid, phenol, paranitrophenol and hydroquinone all 
seemed too little soluble in water to permit of detecting readily 
a lowering of the freezing-point of water when they were added 
to the water containing acetone. It was hoped that ether might 
show the lowering of freezing-point to a minimum, and that 
afterwards there might be a rise. The results were not so satis- 
factory as could be wished. In the cases examined the freezing- 
point was lowered down to the point where two liquid layers 
appeared. 


Table VI gives the depression obtained on the addition of 





TABLE VI 
Acetone Ether A A 
9.83 g 2.77 g —0.44 0.69° i 
4.90 1.13 —1I.22 
6.55 1.48 1.64 


comparatively small quantities of ether. A is the depression of 
freezing-point in the acetone and water, A, is the calculated 
depression for ether in water alone. A is less than A. 


In Table VII there is a continuation of the same experi- 


TABLE VII 





Acetone Ether A 
9.83 Z 17.91 g oO 
20.66 0.25 
23.45 0.70 
large excess 0.35 


(two layers) 


ment, but as I had passed the limits of the reading of the 
thermometer it needed to be reset, and the temperature reading 
when there were 9.83 grams of acetone and 17.91 grams of ether 
was called zero. When there was a large excess of ether the 
freezing-point of the lower layer was raised, but that may well 
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be due to the lower aqueous layer containing less acetone than 
was contained in the one liquid phase. 


Table VIII exhibits much the same condition with a larger 


TABLE VIII 


Acetone Ether A ay 

27.0 g 1.597 g 0.29" 0.40" 
3.63 0.52 0.389 
7.83 more than —1.00 


quantity of acetone in solution. A is in this case also, less than 
A which is to be expected. The readings went below the limit 
of the thermometer, which accounts for the last reading of the 
table being given in the form there shown. With such compar- 
atively large quantities of acetone and ether, the freezing-point 
was so near the temperature of the freezing mixture that exper- 
imenting became tedious. 
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Die Continuitaét des gasférmigen und fliissigen Zustandes. 7/ei//. Ly 
J. D. van der Waals. Second, revised, edition. 15% 23 cm; pp. iv and 
182. Leipzig: Johann Ambrosius Barth, 1899.—n the present volume, 
van der Waals has reprinted the German edition of his famous dissertation on 
the continuity of the aeriform and liquid states. He has appended a few notes 
with the purpose of adding clearness to the text as it originally stood. These 
additions are confined to a reviewing comment upon the chapters on the influ- 
ence of the composition and extension of the molecules; to a study of the 
course followed by the difference of the two specific heats when the density is 
varied ; and to an examination, at the close, of the form of the function 4. 

The promised second part of the work is to present van der Waals’s theory 
of capillarity, and the form that his theory assumes for fluid mixtures of two 
components. The whole is planned to bea digest of his own researches, 
and not at all a general account of all the investigations that have been pursued 
in this field. It has, of course, great interest, as affording an introduction of 
the author’s remarkable theory. The volume is gotten upin the publisher's 
usual attractive style. J. E. Trevor 


Vorlesungen iiber Gastheorie. Ay Ludwig Boltzmann. T//. Theil: 
Theorie van der Waals’; Gase mit zusammengesetzten Molekilen ; Gas- 
dissociation ; Schlussbemerkung. 14% 22cm; pp. x and 265. Leipzig: 
Johann Ambrosius Barth, 1898. —In the preface to this, the second, volume 
of Boltzmann’s treatise on the kinetic theory of gases, Boltzmann says : 


“When the first Part of my Theory of Gases was printed, I had almost entirely ready 
a manuscript for the present second and concluding part, in which the more difficult por- 
tions of the theory were notconsidered. But, just at that time, renewed attacks were made 
upon the theory of gases. Now Iam convinced that these attacks are due solely to mis- 
conceptions, and that the réle of the theory in science is by far not closed. The abundance 
of the results which van der Waals has deduced from the theory and which are in accord 
with the facts, I will endeavor to make apparent in the book. More recently, too, the theory 
has again afforded indications that could have been obtained in no other way. From the 
theory of the ratio of the specific heats Ramsay has determined the atomic weight of 
argon, and consequently the position of this element in the periodic system ; which position 
later, through the discovery of neon. he has proved to be correct. Andin like wise 
Smoluchowski has deduced from the kinetic theory of the conduction of heat the existence 
and the magnitude of the temperature-drop in the conduction of heat in very dilute gases. 

“It would, therefore, in my opinion, be a loss to science, if the theory of gases were 
temporarily to fall into neglect because of the opposition that rules at present; as hap- 
pened, for example, in the case of the undulation theory, through the authority of Newton. 

“Iam aware how impotent the individual is as opposed to the tendencies of the age. 
But, nevertheless, in order to do all in my power to prevent that too much should have to 
be rediscovered when return is made to the theory of gases, 1 have included in the present 
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book the more difficult parts of the theory, those parts that are most subject to misappre- 
hension; and I have endeavored to give the most intelligible presentation possible of at 
least their outlines. In consequence of these I must, indeed, beg for indulgence if some of 
the chapters have thereby become rather long ; for a reasonably precise presentation of the 
theories in question is hardly possible without employment of the corresponding mathe- 
matical apparatus.” 

The seven chapters of the book are entitled, respectively : Outlines of the 
theory of van der Waals; Physical discussion of the theory of van der Waals ; 
Theorems of general mechanics that are useful in the theory of gases; Gases 
with compound molecules; Deduction of van der Waals’s equation by means of 
the idea of the virial; Theory of dissociation; Additions to the theorems rela- 
tive to thermal equilibrium in gases with compound molecules. The lucidity 
and splendid style of the author are too well known to need comment here. 
And, notwithstanding his disclaimer, the compass of the present volume is very 
moderate — but 265 small pages. Those who are really interested in the kinetic 
theory of gases should be thankful for the appearance of the book. 


J. E. Trevor 


Einfiihrung in die mathematische Behandlung der Naturwissenschaften. 
By W. Nernst and A. Schinflies. Second Edition; 17 X 25 cm; pp. xti 
and 339. Miinchen: E. Wolff, 1898. Price: bound, 10.50 marks. 
—The useful little compendium, by Nernst and Sch6nflies, of the mathematics 
that oftenest find employment in the physical sciences, and more especially in 
physical chemistry, has now reached a second edition, but three years after its 
first appearance in 1895. In the revision, the plan of the book has not been 
altered, and but little material has been added. The topics considered are, suc- 
cessively, analytical geometry, differential and integral calculus, and the solu- 
tion of algebraic equations ; to which are appended a lot of illustrative practical 
examples, a reference collection of formulas, and a very satisfactory exposition, 
in twelve pages of the subject of determinants. The only serious defect noted 
by the reviewer is the absence of any treatment of Fourier’s series. 


J. E. Trevor 


Ostwald’s Klassiker der exacten Wissenschaften. 72x79 cm. Leipzig: 
W. Engelmann, 1898. 

No. 93. Dret Abhandlungen tiber Kartenprojection. By Leonhard 
Euler (1777). Edited by A. Wagnerin. 77 pp. 1.20 marks. 

No. 94. Ueber das’ Verhdltniss zwischen der chemischen Zusammen- 
setzung und der Krystallform arseniksaurer und phosphorsaurer Salze. 
By Eilhard Mitscherlich (1821). Edited by P. Groth. 59 pp. 1.00 
mark. 

No. 95. Phlanzenphysiologische Abhandlungen. By Ernst von Briicke 
(1844-1862). Edited by S. Fischer. 86 pp. 1.40 marks. 

No. 96. Optik; oder Abhandlung tiber Spiegelungen, Brechungen, 
Beugungen und Farben des Lichts. J. Buch. By Isaac Newton (1704). 
Edited by William Abendroth. 132 pp. 2.40 marks. 

No. 97. Optik ; oder Abhandlung iiber Spiegelungen, Brechungen, 
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Beugungen und Farben des Lichts. Il. und 1/1. Buch. By lsaac New- 
ton (1704). Edited by William Abendroth. 156 pp. 2.40 marks. 

No. 99. Ueber die Bewegende Kraft der Warme, und die Gesetze 
welche sich daraus fiir die Warmelehre selbst ableiten lassen. By. R. 
Clausius (1850). Edited by Max Planck. 55 pp. 0.80 marks. 

No. 101. Abhandlungen tiber Mechanische Warmetheorie. By G. 
Kirchhoff (1858). Edited bv Max Planck. 48 pp. 0.75 marks. 

No. 102. Ueber Physikalische Kraftlinien. By James Clerk Max- 
well. Edited by L. Boltzmann. 146 pp. 2.40 marks. 

We have to announce the appearance of a number of new volumes of 
Ostwald’s admirable little AZassiker series. The reprint of Euler's three papers 
supplements the previously published volumes on the mathematical theory of 
map construction. Mitscherlich’s famous paper is accompanied by an inter- 
esting account of the author's life and scientific career. The volume of re- 
searches in plant physiology comprises four papers by Briicke. Newton's great 
‘Optiks’ is presented in two carefully annotated volumes, to the first of which 
is attached a portrait of Newton. Numbers 99 and 1o1 of the series present in 
handy form two of the great thermodynamic classics: Clausius’s paper of 1850 
on the general theory of reversible thermodynamics, and Kirchhoff’s (three 
papers of 1858 on the representation of the energy of a body by integrals, on the 
heat of dilution, the intersection of sublimation and vaporization curves, the 
absorption of gases by liquids, and the temperature coefficients of energy differ- 
ences. Both are edited by Planck, aud both should be in the hands—and in 
the minds — of everyone who cares for the theory of physical chemistry. The 
last volume in the list isa richly and most delightfully annotated edition, by 
Boltzmann, of a series of Maxwell's papers on electromagnetism. 


J. E. Trevor 


Die Fortschritte der Physik. Dargestellt von der physikalischen Gesell- 
sthaft zu Berlin, Im Jahre 1896: I11, Abtheilung : Kosmische Physik ; 
vedigirt von Richard Assmann, pp. xliv and 531. Im Jahre 1897; 1. 
A btheilung : Physik der Materie,; redigirt von Richard Bornstein ; pp. 
laxti and 573. II, Abtheilung: Physik des Aethers; redigirt von Rich- 
ard Bornstein; pp. tii and g12. IIT. Abtheilung ; Kosmische Physik ; 
redigirt von Richard Assman; pp. xliv and 566, 16X% 23cm. Braun- 
Sthweig . F. Vieweg und Sohn, 1898, — Four more parts of the Fortschritte 
der Phystk have recently appeared, concluding the report of progress for the 
year 1896, and completing that for 1897. The comprehensive scope and careful 
editing of the work continue to be all that they have been in the past ; and, as 
is natural, the reports of physicochemical work are, as before, extended and 
complete. The value of this series of carefully written abstracts, in giving a 
summary of each year’s work in any given branch of physical science, and in 
facilitating orientation in the literature of any such branch, is now too widely 
recognized to need especial emphasis. J. E. Trevor 


A History of Physics in its Elementary Branches, Including the Evolution 
of Physical Laboratories. Ay Florian Cajori. 14X21 cm; pp. viii and 
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322. New York: The Macmillan Company, 1899. Price: cloth $1.60, — 
Mr. Florian Cajori, who is well known by his History of Mathematics, and his 
History of Elementary Mathematics, now appears with a compact treatise on 
the history of general physics. In the preface to the book he says: ‘ The 
writer is convinced that some attention to the history of a science helps to make 
it attractive, and that the general view of the development of the human intel- 
lect, obtained by reading the history of science, is in itself stimulating and 
liberalizing.’’ It is open to very little question that the best way to teach a 
scientific subject is to present an account of its historical development. And it 
may here be said at once that in writing an outline history of physics our 
author has produced a very interesting little book. 

The first fifty pages of the history are made up of a brief description of the 
progress of physical science among the Greeks, the Romans, the Arabs, in the 
Middle Ages, and during the Renaissance. The remainder is devoted to the re- 
sults of physical research in the XVII., the XVIII., and the XIX. centuries. 
An interesting essay on the evolution of the physical laboratory completes 
the whole. 

The subject matter is well chosen, and is presented in a pleasant way. It 
is noticeable, too, that the subject is brought well down to date. An objection 
that might be made to the author’s method is that in many cases important re- 
sults are merely stated, no indication being given of the way in which they 
were reached. An example of this is the statement, on page 219, of Nernst’s 
formula for the electromotive force of a voltaic cell. Such incoherent strings of 
facts make simply so much dead weight. They do not tend to foster an inter- 
est in the growth of science. Despite this occasional feature, however, the book 
is an interesting one ; and it deserves to be widely read — as it probably will be. 
It may be worth while to mention, for the improvement of future issues, that 
Olszewski’s name, on page 195, should not be spelled Olzewski; and that 
Nernst’s first name is Walther, and not Walter, as on page 219. Proper names 
should be correctly spelled in a historical treatise if anywhere. /. £. Trevor 


L’Industrie du Goudron de Houille. By G. F. Jaubert. 12% 19 cm; 172 
pp. (Encyclopédie des Aide-Mémoire). Paris: Gauthier-Villars et Fils. 
Price: paper, 2.50 francs ; bound, 3 francs. —The treatment of the subject is 
popular in so far as this is possible ; and the result is a very readable book, suf- 
ficiently accurate and detailed for the general reader for whom it is intended. 
This as well as the other publications of the Encyclopédie Scientifique des Aide- 
Mémoire can be highly recommended to those who wish an interesting, clear, 
and yet not too technical an account of the subjects treated. 


W. R. Orndorff 


The Year-Book for Colorists and Dyers. By Harwood Huntington. Vol. 
I. 13X 19cm; 299 pp. New York: Harwood Huntington, 1898.—The 
author states in the preface to this book that the need of a concise recapitulation 
of advances made annually in the special field worked in by dyers and colorists 
has long been felt. It is to supply this want that this year-book has been pub- 
lished. It contains a great deal of information in a small space, and will no 
doubt be of value to those engaged in the dyeing and allied industries. 


W. R. Orndorff 








—_—_— 











anger 2 


Pits. 


diane & uhidie 


iu - 


REVIEWS 


The objectof this department of the Journal is to issue, as promptly as possible, 
critical digests of all Journal articles that bear upon any phase of Physical Chemistry 


General 
On the variation of energy in isothermal changes: On electric energy. 
1. Pellat. Comptes rendus, 125, 699 (1897).— The heat dQ and the work 
dW added to a system of bodies in any reversible thermodynamic change 
may be represented as 
dQ = adT ~ bdx, 
dw hdT — kdx; 
where T is the thermodynamic temperature, and + is an additional variable 
serving to define the state of the system. Combining these equations with 
dU = JdQ —dwW, 
dS — dQT, 
for the differentials of the energy and the entropy ; writing the condition that 
these differentials are exact; and eliminating ; one finds 


+ (ar dh \ 


. J \ar ar)’ 


which is termed ‘the generalized Clapeyron formula’. For isothermal changes 
of the energy we have 

dU = (Jb—k)dx. 
The quantity of heat dda requisite to maintain the temperature constant when 
x changes is often replaced by — fda, which is an error. By way of illustra- 
tion, the proper calculation of the isothermal change of energy is made for the 
transfer of electricity from one plate to the other of acondenser. //. £. 7. 


A revision of the atomic weight of nickel, II. 7. W. Richards and A. S. 
Cushman. Proc. Am. Acad. 34, 327 (1899).— The nickel bromid used in the 
first research (2, 396) contained traces of sodium bromid. The work has been 
repeated determining both the nickel and the bromin. The most probable 
value is 58.706, which is undoubtedly accurate to within one ten-thousandth. 


W. D. B. 


A revision of the atomic weight of cobalt, II. 7. W. Richards and G. P. 
Baxter. Proc. Am. Acad. 34, 3517 (1899).— The cobalt bromid previously 
analyzed (2, 396) contained traces of other bromids for which an accurate cor- 
rection cannot now be given. Two new series gave 58.992 and 59.004 for cobalt, 
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the average being 58.998. The two previous series gave 58.995 and 58.987 un- 
corrected. For the present the authors prefer to take the mean of these four 
values 58.995, though they incline to the belief that the true value is almost ex- 
actly 59.000. W.D.B. 


The use of vacuum as a means of preventing loss of heat. 4. Weinhold. 
Wied. Ann. 66, 544 (1898). — This is a claim for priority in the use of the 
vacuum chamber as a means of preventing heat loss. The idea is claimed by 
d’Arsonval, but the author points out that he published an account of the 
method seven years previous, in 1881. H. T. B. 


An apparatus called a hermetical pourer. A. Personne de Sennevoy. 
Comptes rendus, 126, 224 (7898). — By means of a pump with a plunger it is 
possible to draw liquid from a hermetically sealed vessel without letting in air. 
The apparatus is recommended for use with petroleum and other inflammable 
or volatile liquids. W.D.B. 


On a source of error in the Andrews’s method of measuring the specific heat 
of aliquid. FL. Gumlich and H. F. Wiebe. Wied. Ann. 66, 530 (1898).— 
The method of calorimetry due to Andrews is similar to the better known 
method of Favre and Silbermann. Instead of introducing the liquid under 
experiment into the mercury bulb as in the latter, the mercury bulb is intro- 
duced into the liquid. In both cases the change in the volume of mercury for 
an observed change in temperature of water gives the heat equivalent of the 
stem, The source of error pointed out by the authors is so self-evident that it 
would seem absurd to go into the matter at all unless they had attempted to 
make a more careful study than they have done. The error is in the assump- 
tion that the same quantity of heat will be given up by the bulb to liquids 
whose end temperatures differ. The heat given up, as the authors point out, is 
not only dependent on the mean difference in temperature between the bulb 
and the liquid, but also on the total contraction of the mercury which is con- 
ditioned by the volume of the bulb. 

In working with salt solutions at low temperatures this error would proba- 
bly amount to considerable. The authors endeavor to determine the size of the 
error, but their errors of observation completely blind any conclusions they may 
have arrived at. The correction deduced by the authors amounts to about one 
in a thousand per degree difference in the end temperature of the liquid. Their 
errors of observation amount to nearly one percent, which is not surprising 
when their total rise of temperafure is only 1.68° and they try to measure this 
with a mercury thermometer divided to tenths. HH. 7. 8. 


On a method for the estimation of the thermal conductivity of solid bodies. 
F. A. Schulze. Wied. Ann. 66, 207 (7898).—The method is verv simple 
although the author rather blinds it with too profuse mathematical discussion. 
A metal rod considered of infinite length compared with its diameter is carefully 
enclosed for the most part in wadding in order to keep it during the experiment 
at an equable temperature. Ata distance of from 4 to 10 cm, depending on 
the nature of the metal used, from one end left exposed, a thermocouple ( iron- 
constantan ) is placed in a small boring. At a given moment a stream of water 
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is allowed to play on the exposed end at a temperature different from that of 
the protected length of the rod. The change in the temperature of the thermo- 
couple is noted by observing the change in the galvanometer reading. As the 
deflections pass through even scale readings the times are recorded on a chrono- 
graph. The deflections finally show that the temperature is approaching a 
steady state. By taking another series of observations with the stream of water 
at a different temperature the times are compared for the attainment of the same 
galvanometer deflection. From these two series of observations the thermal 
conductivity may be deduced by making the following assumptions: (1) The 
end face of the rod accepts momentarily the temperature of the stream of 
water; (2) That the galvanometer scale may be considered a temperature scale 
of equal parts for the thermocouple. 

Taking 6,, 6,, ¢, and ¢, as the corresponding temperaturesand times of equal 
scale deflections, then the coefficient of temperature conduction a may be cal- 
culated ; for taking @ as the temperature indicated by the thermocouple, then 


KH 
— 26, —g? 
6= 4 dq 
4 
2K, fi; 


where x is the distance of the thermocouple from the end of the bar under the 
influence of the stream of water. Hence 


K va 
2 —g? 206, —g2 
a\, dq 6, e ‘dq. 
\ 7 vy 
F x 
2Ky 4; 2K) /. 


The author discusses mathematically the correctness of the two assumptions and 
works out small corrections that are necessary to be applied to the readings. 
He also works out the influence of the surrounding temperature on his results 
and finds it varies considerably with the time, from about two parts in 1000 for 
8 seconds to Io percent for one minute. He closes the paper by giving the re- 
sults of his determinations on a copper rod 1 cm diameter and 35 cm long. The 
values of 2 deduced agree to about 3 percent, his mean value being 0.6108 
gram-calories. i. 7. 8. 
One-Component Systems 


Measurements of vapor pressure, II. G. W. A. Aahlbaum. Zeit. phys. 
Chem. 26, 577 (1898).— The article presents in condensed form the results ob- 
tained by the author and five of his pupils during several years of work. When 
a liquid boils, the pressure in the retort is the same as that measured at the end 
of the condenser. The dynamical method of determining vapor-tensions is 
severely tested and is shown to yield satisfactory results. The author ably dis- 
cusses the relative accuracy of vapor-tension measurements, and defends his 
method of interpolation by use of curves constructed on a large scale. 
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The boiling-points of the series of fatty acids (C, to C,,) were determined 
at a large number of pressures varying from 10 mm to 760 mm. A comparison 
of the results obtained with the boiling-points calculated from those of water 
and propionic acid by the use of Diihring’s law showed only approximate agree- 
ment, the differences being greater when the comparison is made with the values 
deduced from water than when those derived from propionic acid are used. 
Diihring’s law is therefore only approximate. When the differences between 
the boiling-points of the acids of this series are compared, it appears that in the 
case of formic and acetic acids and also nonoic and decoic acids the differences 
do not vary with the pressure, so that the boiling-point curves of each of these 
pairs are parallel. Divergence of the curves of acetic and propionic acids takes 
place as the pressure diminishes. In all other cases the curves converge as the 
pressure decreases. 

The following are the boiling-points of nine benzene derivatives at 760 mm : 
benzene 80.3°, brombenzene 155.5°, benzaldehyde 178.3°, phenol 181.4°, anilin 
183.9°, benzonitrile 190.6°, benzyl alcohol 205.0°, nitrobenzene 208.3°, benzoic 
acid 249.0°. At 6mm the boiling-points are: bromobenzene 32.5°, benz- 
aldehyde 53.0°, benzonitrile 59.9°, anilin 60.5°, phenol 65.3° nitrobenzene 
76.1°, benzyl alcohol 83.9°, benzoic acid, 121.2°. Thus intersection of the boil- 
ing-point curves occur in the following cases : benzonitrile-phenol, benzonitrile- 
anilin, anilin-phenol, benzyl alcohol-nitrobenzene. Previously the only known 
case of intersection of boiling-point curves was that of ethyl alcohol-benzene. 

The boiling-points of anilin and its methyl, ethyl, dimethyl and diethy] 
derivatives were determined at pressures ranging from 5 mm to 760 mm. The 
boiling-point curves of anilin and dimethyl anilin converge as the pressure 
diminishes, as do also those of methyl and ethyl anilin; but those of methy] 
and diethyl anilin diverge. This makes the curves for anilin and methy] anilin 
and again those for dimethyl and ethyl anilin parallel. 

Boiling-point determinations (at pressures varying from 1 mm to 760 mm 
of acetophenone, benzoyl chlorid, and methyl benzoate show that Schroeder's 
rule that substitution of the groups CO.CH,, COOCH,, and COCI for H produce 
the same changes of boiling-point is untenable, since though the difference in 
boiling-points of the last two compounds is 0.4° at 760 mm, it is 3.5° at 10 mm. 
Again, the difference in the boiling-points of the first two compounds is 4.4° at 
760 mm and 5.2° at 1o mm, and the difference between the boiling-points of 
the first and third is 4.0° at 760 mm and 1.7 at 10 mm. 

The boiling-points of the three cresols, the three toluidins, o- and p-dimethy1 
toluidins, and o- and f-nitrotoluenes were determined at various pressures. 
Paracresol boils 0.5° higher than the meta and 11.2° higher than the ortho 
compound; this holds for all the pressures investigated. The boiling-point 
curves are therefore parallel. The same is true of those of the toluidins, so that 
Dalton’s law holds for both of these groups of compounds. This law does not 
hold for the dimethyl toluidins or the nitrotoluenes ; and since there is a con- 
siderable difference between the boiling-points of these substances, the law of 
Dalton probably holds good only for substances whose boiling-points lie close 
together. 


The boiling-point curves of trimethylene bromid and propylene bromid 
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diverge with increase of pressure, as do also those of ortho- and metachloranilin. 
The curves of chloro- and bromonaphthalene converge as the pressure diminishes, 
the differences in the boiling-points being 21.8° at 760 mm and only 8.8° at 2 mm. 
The generally accepted relations existing between chemical composition and 
boiling-points really do not have much significance, since when the compari- 
sons are made at pressures other than 760 mm other relations are found. For 
the whole range of pressures, substitution in benzene derivatives causes a greater 
change in the boiling-point than in toluene derivatives. With a few exceptions 
the boiling-point curves of simpler aromatic compounds are flatter than those of 
the more complex compounds. This the author ascribes to greater cohesion 
of the simpler molecules. Generally fatty compounds have flatter curves than 
aromatic compounds of nearly the same boiling-point. No curve of an aromatic 
compound runs even approximately parallel to that of a fatty compound. The 
exceptions to this rule are that the curves of toluene and isocapronic acid are 
parallel, as are also those of benzoic and n-pelargonic acids. Within the aro- 
matic series and also within the fatty series parallelism of boiling-point curves 
frequently occur. The OH group in compounds seems to cause flatness of the 
boiling-point curve. 

The molecular dispersion as deduced according to the formula of Lorenz 
(between Ha and Hy) in many cases increases as the boiling-point increases 
(comparisons were made for the pressure interval lo mm to 760 mm). There 
are apparently many exceptions to this rule ; so in the series of the fatty acids, 
the molecular dispersion continues to increase though the boiling-point change 
is nearly constant. The author desires simply to point out this relation, fur- 
ther elaborations and explanations are to follow. a 


On the elevation of melting-point by pressure and the continuous transition 
from the solid to the liquid state. <A. //eydweiller. Wied. Ann. 64, 725 
(7898). — With a view of finding some experimental evidence for the existence 
of critical phenomena between the liquid and solid states, the author melted 
various substances in sealed capillaries, the expansion accompanying fusion sup- 
plying the required pressure. In one case (diphenylamin) an elevation of 
melting-point of as much as 70° was reached, for which the pressure 3500 atmos- 
pheres was computed. The only result which pointed in any way to a critical 
phenomenon was the peculiar behavior of menthol. At ordinary pressures this 
substance, besides solidifying to an opaque mass, turns transitorily into a trans- 
parent solid. In the capillary, one end of which was cooled, the transition 
from the transparent solid to the liquid appeared to be gradual. [See 3, 114]. 

F. B. K. 

An estimation of the coefficient of pressure and of the difference between the 
coefficients of expansion and pressure of air. |’. Hoffmann. Wied. Ann. 66, 
224 (18g8).—In the determination of the coefficient of pressure for air the 
author uses the constant volume Jolly air thermometer, but in order to make 
the readings independent of the variations in the air pressures he replaces the 
open mercury column by a barometric tube, thus leaving the airin the bulb only 
under the pressure of the mercury in the barometer tube. His mean determina- 
tion gives 

4, = 0.0366957. 
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The observations appear to agree to about 4 in 10000. In determining the dif- 
ference between the coefficients of pressure and volume the author designs a 
special air thermometer from which three sets of readings give data for calcu- 
lating both the coefficients. The special advantage is that the same steam read- 
ing is used in calculating both coefficients, and hence errors in determining the 
more difficult point eliminated on the difference. The author's method is to 
introduce between the bulb and the Jolly air thermometer (V) and the barome- 
ter tube a smaller pear-shaped bulb (V,) such that 
V,(1 + a1oo) = V@Ioo. 
Then, having suitable marks above and below the bulb V,, the readings are 
Lower mark V in steam 
a - Fe 
a oe Vv e te 
ee “e V; “e e 
Upper mark V ** “. 
The mean result of the determinations neglecting an observation which the 
author considers faulty gives 


a. @, = 0.00000123. HH. 7. B. 


On the rigorous determination of the molecular weights of gases, starting 
from their densities and the variations of these from the law of Mariotte. J. 
Berthelot. Comptes rendus, 126, 954, 1030 (1898 ).— The variation €, from the 
gas laws at atmospheric pressure, may be represented by the formula 

. > g I a(p— py), 


where @ is a constant for pressures varying from one to six atmospheres. If we 
express f in atmospheres and call /, unity we shall have for the molecular vol- 
umes of two gases ve : —*_. If d’, d’”, etc., are the densities under atmos- 
vo —<* 

pheric pressure at the temperature of the experiment the molecular weights are 
proportional to (1—@’)d’, (1—a’’)d’’., etc. Taking the molecular weight 
of oxygen as 32 the author calculates the following atomic weights : H = 1.0074: 
N = 14.007; C = 12.007, the value for carbon being obtained from the data for 
carbon monoxid. In the second note, it is pointed out that these data agree 
admirably with those obtained by purely chemical processes. W. D. B. 


On the substances associated with argon. W. Ramsayand M. W. Travers. 
Zeit. phys. Chem. 27, 564 (1898). — The fractional distillation of liquid argon 
by means of boiling air led to the separation of two new materials. The first 
fraction of the gas was mixed with oxygen and sparked over sodium hydroxid 
solution. A gas was obtained with new characteristic red spectrum lines and a 
density of 14.67. The authors consider this to be a mixture of argon and a new 
gas, ‘‘neon’’, with a density of toor 11. Near the end of the fractionation a 
white solid was left in the vessel, which at ordinary temperatures is a gas of 
practically the same density as argon. It hasa characteristic spectrum and the 
ratio of its specific heats is 1.660. The name ‘ metargon’ is suggested. 

F. BLK. 
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On the probable occurrence of an unknown substance in the atmosphere. 0. 
Neovius. Wied. Ann. 66, 162 (/898).— By comparing the red argon spectrum 
with the spectrum of nitrogen between the values of 4 3700 and 5000, the 
author finds three coincident lines, which he believesto be merely due to chance. 
A comparison of the blue argon spectrum, however, shows some thirty-four 
coincident lines, which he thinks cannot be due to chance, but to a hitherto 
unknown substance present in both the nitrogen and argon. He divides his 
comparisons into three groups : 
Group I. Strong argon lines 
Weak nitrogen “ 
II. Strong nitrogen 
Weak argon ~ 
Ill. Weak nitrogen * 
Weak argon - 
It is to the third that he attaches the most significance, for the coincidence in 
I may be due to the presence of the argon in the nitrogen, also those in II may 
be due to the trace of nitrogen impurity in the argon. In III, however, he does 
not think the coincidences can be set down to either the argon or the nitrogen. 
Since they belong to the weaker or even tothe weakest of the lines observed in 
the argon spectrum they would not be visiblein the weak nitrogen spectrum in 
which they occur with nearly the same intensity as in the pure argon spectrum. 
The author claims also that it is still less admissible, ‘‘aus leicht ersichtlichen 
Griinden”’, to accept that the lines belong to nitrogen. Hence belonging 
neither to nitrogen nor to argon they must belong to some unknown substance. 
The effect of the electrodes (copper) is eliminated by comparing the spectra of 
N - - - sun | oO - - - sun 
N - - - air oO - - - air 
and taking the lines common to all as due to the copper. The author uses for 
apparatus a small spectrometer with two Steinheil prisms. Photographic 
records are made of the spectra giving, as is claimed, an accuracy of 1,10 Ang- 
strém unit. Apparently the author made no measurements of the red or blue 
argon spectrum himself, but his nitrogen spectra are compared with the argon 
given by Kayser, Eder and Valenta, and Crookes. A comparison of the spectrum 
of Krypton shows a coincidence for the line 4736. No known coincidence could 
be found in the Neon spectrum. A comparison of the metargon lines given 
by Baly with the carbon lines of Kayser show a close similarity, and also that 
for the most part these lines are outside the range of the new substance. The 
author thinks this new hypothetical element is present in the atmosphere to 
about the same extent as argon. He claims that Kayser’s argon must have 
had about 50 percent of this substance. H.T.B. 


On the measurement of high temperatures. 1). Berthelot. Comptes rendus, 
126, 4/0, 477 (7898).— The method consists in measuring the change in the 
index of refraction of a gas and the evaluation of the temperature depends upon 
the law that the change in the index of refraction of a gas is the same whether 
the change of density is effected by the change of pressure or of temperature. 
The author finds 962° for the fusing point of silver and 1064° for that of gold. 

W. Dz. B. 
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On the specific heat of a metal at low temperatures. (7. Behn. Wied. 
Ann. 66, 237 (7898).— As the specific heat of metals is tolerably well known 
for temperatures above 0°, the author points out the interest attaching to an in- 
vestigation carried out at low temperatures, and goes on to describe some meas- 
urements made by himself for the metals Al, Fe, Ni, Cu, Pb, Pd, Irand Pt 
between room temperature and — 80°, and — 186°. 

His method is the usual method of mixture, with water as the mixing 
liquid. Having cooled the metal, suspended by a silk thread in an enclosed 
vessel, to —8o° with solid CO, and absolute alcohol or to 186° with liquid air, 
it is frequently withdrawn to the calorimeter. The coating of ice that is formed 
is quickly melted. The fall in temperature of the calorimeter is determined by 
means of a mercury thermometer reading to hundredths and generally amounted 
to 2.5 degrees. The temperature of the cold bath was taken with a thermo- 
couple (iron constantan ). 

The sources of error mentioned by the author are: 

(a) Impurity of the metals ; 

(6) Acceptance by the metal of the temperature of the cold bath ; 

(c) The transfer of the metal from the cold bath to calorimeter ; 

(d) Thermometer and thermocouple. 

Error (a) was avoided by chemical examination. Error (4) by leaving the 
metal a sufficient length of time in the cold bath (one hour), determined by a 
special experiment on a copper cylinder in which a second thermocouple was 
placed, Error (¢) was corrected for by determining experimentally the rate of 
gain in heat when the copper with the thermocouple embedded was taken out of 
the cold bath. Error (d@) by comparing the mercury thermometer with a 
Reichsanstalt standard and accepting the formula for the thermocouple given by 
Holborn and Wien. The author notes that he uses wire from the same lot that 
Holborn and Wien used in their experiments. The result of the work shows 
that the specific heat decreases with decreasing temperature, the more the higher 
the specific heat. The author suggests that from a consideration of the plots of 


the different metals between 100° and 186° the curves would converge 
towards the absolute zero, showing an equal and very small specific heat. 
a. ZT. B. 


wo-Component Systems 


Contribution to our knowledge of metallic alloys. J/. Herschkowitsch. 
Zeit. phys. Chem. 27, 123 (1898). — The author has measured the electromotive 
force of various amalgams against one of the pure metals. Four classes are 
distinguished. Each metal crystallizes by itself. In this case the potential of 
the amalgam will always be that of the less noble metal. Two series of solid 
solutions are possible. In this case the potential will vary continuously as long 
as only one phase is present and will remain constant so long as there are two 
solid phases present. A continuous series of solid solutions is possible in which 
case the potential will vary continuously. One compound is possible and no 
solid solutions. There will then be a sudden change of potential when the less 
noble metal disappears, and the potential will then be that of the compound. 
It is to be noticed that this classification is very incomplete and it would have 
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been much better if the author had looked up the classifications of Retgers, and 
of Roozeboom, which are much more satisfactory than that of Ostwald. 

With cadmium and bismuth all mixtures showed the potential of pure 
cadmium. With cadmium and tin all mixtures having more than three percent 
of cadmium give the value for cadmium. With more dilute mixtures the 
potential drops off rapidly implying that cadmium is somewhat soluble in solid 
tin. The same phenomenon occurs with cadmium and lead. With zine and 
tin the value drops suddenly, remains constant over a wide range of concentra- 
tions and then falls off gradually, showing the existence of two sets of solid 
solutions, With zinc and copper the values are at first nearly constant and 
then drop off rapidly to the values for copper. The author: interprets this as 
showing the existence of a compound Zn,Cu ; but the experimental data as pub- 
lished point rather to the existence of two sets of solid solutions, zine being 
very soluble in copper and copper sparingly soluble in zinc. Zine and bismuth 
are apparently each slightly soluble in the other. The data for zinc and silver 
are interpreted by the author as showing the existence of a compound Zn,Ag ; 
but the fact that values approach the value of pure silver would seem to nega- 
tive this conclusion and the assumption of two sets of solid solutions would 
again appear to account for the phenomena. With zinc and antimony the order 
appears to be solid solution of antimony in zinc, the compound ZnSb,, and then 
practically pure antimony. The author accounts for the phenomena with tin 
and Cu and with tin and silver by assuming the existence of Cu,Sn and of Ag,Sn 
respectively. It is not clear however why Cu,Sn should have the same poten- 
tial as pure copper. Silver and copper appear to form a continuous series of 
solid solutions. Curiously enough tin and antimony were not studied, though 
Kiister has shown that these form a continuous series of solid solutions. No 
attempt is made to compare the results obtained from the measurement of the 
electtomotive forces with the results obtained from the freezing-point determi- 
nations of Heycock and Neville and of others. 

The second part of the paper contains measurements of heats of formation 
of alloys. The general result is summed up by the author in the statement that 
the heat of formation is sometimes positive and sometimes negative, even in 
cases where compounds are formed. W. D. B. 


The transition temperature of sodium sulfate. A new fixed point in ther- 
mometry. ' 7. W. Richards and J. B. Churchill. Zeit. phys. Chem. 26, 690 
(7898). — The transition temperature of the change Na,SO,10oH,O to Na,SO, - 
10H, is found to be very suitable as a fixed point in thermometry. The tem- 
perature at which the change takes place is found by careful examination to be 
32.484° C, which is 32.379° on the hydrogen scale. This temperature lies near 
the point of maximum difference of the two scales. Sodium sulfate of requisite 
purity can easily be obtained, two recrystallizations in porcelain dishes of the 
C. P. commercial article being sufficient to insure the degree of purity re- 
quired. A very constant temperature is obtained if the melting-point of 
Glauber’s salt is taken. Ordinary changes of pressure have so slight an effect 
that they may be neglected. No unusual precautions need be taken to obtain 
results that are correct to0.01°. It is thought that other transition tempera- 
tures can likewise be accurately determined and that they will be useful in 
thermometry. L. &. 
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The compound of ammonium nitrate with ammonia. F. Divers. Zeit. 
phys. Chem. 26, 430 (7898). — Attention is called to the fact that the recent ex- 
periments of Kuriloff have confirmed the results obtained by the author in 
1872. W. D. B. 


The mutual solubility of liquids and the critical point of solubility. /’. 
Rothmund. Zeit. phys. Chem. 26, 433 (7898).—The mutual solubility of 
twelve pairs of liquids is investigated according to the method of Alexejew. 
The general conclusions reached are as follows: In eleven cases critical tem- 
peratures of solubility were found ; and in the one case in which such a point 
could not be reached, the direction of the curve indicates that such a curve 
probably does exist. In nine cases critical temperatures were found above 
which complete miscibility occurs; in two cases critical temperatures were 
found de/ow which the two phases cannot coexist. In several instances the 
curves show a minimum in the lower arm and sometimes also a maximum in 
the upper arm, from which the author seems inclined to infer that all solubility 
curves are closed. Theoretical considerations are given to show that a continu- 
ous, closed solubility curve does exist. The law of the rectilinear diameter, the 
application of which could be foreseen from the analogy to the phenomena of 
the critical state, holds in the case of all those solubility curves that have an 
upper critical temperature of miscibility The equation of van der Waals in 
which pressure, volume and temperature are expressed in terms of their critical 
values can in general not be applied to solutions. The investigation of the 
difference in solubility in the liquid and solid states shows that two cases are 
here to be distinguished ; the solubility curve either intersects or does not inter- 
sect that of the liquid. In the former case melting of the solid under the solvent 
may occur ; in the latter case two layers of liquids that are in equilibrium with 
each other are always metastable. When the liquids are arranged in the order 
of their solubility in water, it appears that this order is the same as that ob- 
tained when they are arranged according to their dielectric constants. Acetic 
acid, isobutyric acid, isobutyl alcohol and furfurol are notable exceptions to the 
rule. Lk. 


Combination of organic bases with different salts of oxygenacids. /). 7om- 
heck. Comptes rendus, 126, 967 (7898).— The sulfates of magnesium, zine, 
cadmium and copper crystallize with two of anilin, the sulfate of cobalt with 
four and that of nickel with six of anilin. The nitrates of magnesium, zinc and 
cadmium also crystallize with two of anilin, W. D. B. 


On the dissociation of selenium hydrid. //. /¥/ahon. Zeit. phys. Chem. 
26, 659 (/Sg8). — At temperatures below 320° the limiting concentrations in the 
vapor phase reached by heating hydrogen and liquid selenium differ from those 
reached by heating selenium hydrid. With falling temperature the percentage 
decomposition of selenium hydrid first increases a little and then decreases 
rapidly. The percentage formation of selenium hydrid from hydrogen and 
selenium decreases rapidly with falling temperature, becoming practically zero 
at about 240°. Above 320° there is reversible equilibrium, the percentage decom- 
position of selenium hydrid decreasing as the temperature rises to 570° and in- 


creasing as the temperature rises beyond 570°. The paper also contains a very 
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interesting discussion on the different results obtained by sudden and by slow 
cooling from high temperatures and a study of the behavior of the system when 
heated unequally. W.D.B. 


On the combinations of pyridin and of trimethylamin with formic and acetic 
acids. G. André. Comptes rendus, 126, 7105 (7898).— A mixture of pyridin 
and acetic acid can be obtained which boils at 150°-151° ; mixtures of trimethyl- 
amin with formic or acetic acid give higher boiling-points than either of the 
components. The author looks upon the mixtures with constant boiling-points 
as compounds. With dimethyl anilin and acetic acid all mixtures boil at tem- 
peratures between the boiling-points of the components. W.D.B. 


Note on the dissociation of water. A. A. Lehfeldt. Zeit. phys. Chem. 
27, 94 | /898).— Referring to Luther's calculations of the concentration of free 
oxygen and hydrogen in water vapor, Ibid. 26, 317, the author utters a warning 
to Dr. Luther and ‘‘all others who obtain extravagantly small numbers from 
the measurement of electromotive force *’ of the danger of drawing conclusions, 
quite inaccessible to experimental verification, from the laws of physical chem- 
istry. But does not Mr. Lehfeldt run a still greater danger when he says “ all 
theoretical considerations founded on the kinetic theory of gases — considera- 
tions of pressure, osmotic pressure, electromotive forces (which result from 
atomic charges )—have a statistical {statical?) character and it is impossible to 
imagine any statistical effect produced by molecules at such great distances 
from each other’? ? P. BB. R. 

On mixtures of gases. 4. Leduc. Comptes rendus, 126, 2/8 (/808).—In- 
stead of the statement that the pressure of a mixture of gases is equal to the sum 
of the pressures that each gas would exert if present by itself, the author pro- 
poses the statement that the volume occupied by a mixture of gases is equal to 
the sum of the volumes that each gas would occupy under the total pressure. 
For ideal gases the two statements are identical ; but for actual gases the second 
is said to be more accurate. W. D. B. 

On the law of the mixture of gases. 7. Sacerdote. Comptes rendus, 126, 
338 (7898). — Ledue’s formulation of the law for mixtures of gases (preceding 
review) has been tested for mixtures of carbonic acid with nitrous oxid and 
with sulfur dioxid. The results were satisfactory. HW’. D. B. 


On the composition of air in different places and onthe density of gases. 1. 
Leduc. Compies rendus, 126, 413 (1898).— Contrary to the results of Lewy 
the author finds that the amount of oxygen in the air varies with the season, the 
altitude, the neighborhood of the sea and, possibly, with the latitude. It is 
proposed to refer the densities of gases to that of oxygen as unity. W.D. B. 


Poly-Component Systems 


The application of the theory of equilibrium to the formation of oceanic salt 
deposits with special reference to those at Stassfurt. /. //. van'¢ Hoff and 
W. Meyerhoffer. Zeit. phys. Chem. 27, 75 (7898).—This paper contains a 
study of the equilibrium between magnesium chlorid and water at different 
temperatures. Six hydrates have been isolated, with twelve, eight, six, four 
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and two of water, the one with eight of water occurring in two modifications, 
of which one, the 8 form, can never exist in stable equilibrium with solution 
and vapor. The following stable quadruple points were determined : ice and 
MgC1L,12H,0 at — 33.6°; MgCl,12H,O and MgCl,SH,Og at — 16.8°; MgCl,8H,0¢ 
and MgCl,6H,O at —3.4° ; MgCl,6H,O and MgCl,4H,O at 116.7° ; MgCl,4H.O 
and Mgtl,2H,0 at 181°-182°. It was not possible to work above 186° owing to 
the evolution of hydrochloric acid. The hydrate with twelve of water melts at 
16.4°. The following labile quadruple points were found : ice and MgCl,6H,O 
at about — 50° (by extrapolation ); MgCl,12H,O and the hexahydrate at — 19.4° ; 
MgCl,12H,O and MgCl,SH,O8 at — 17.4°; MgCl,SH,O8 and the hexahydrate at 
g.4°. In addition there are numerous quantitative determinations of points 
on the boundary curves. W. D. B. 


Experiments on the solubility of the carvoximes. 7. Goldschmidt and H. 
C. Cooper. Zeit. phys. Chem. 28, 777 (7898). — The possibility that dextro and 
laevo modifications of an optically active compound, which are soluble to the 
same extent in inactive solvents, might have different solubilities in optically 
active solvents was suggested by van’t Hoff. Accordingly the solubilities of 
dextro, laevo and inactive carvoximes in dextro limonin were tested. The re- 
sult was that the dextro and laevo modifications show no difference in solubility. 
Liquefied inactive carvoxime (i. e. the racemic mixture) was soluble to the same 
extent as the dextro variety, but the so/7d inactive mixture had a solubility dif- 
ferent from that of the dextrocompound. This shows that in the liquid state 
the inactive compound is only a mechanical mixture of the dextro and laevo 
varieties, so that the racemic condition really only has significance when the 
mixture is in the solid form. Rapid crystallization of the inactive compound 
from solution or from the molten state apparently yields a mixture of crystals 
of the dextro and laevo varieties which after a time change to the racemic form. 


Lm. 


Action of calcium sulfate on some alkaline halids. A. Ditte. Comptes 
rendus, 126, 694 (7898).— When potassium chlorid is added continuously to a 
solution saturated with respect to calcium sulfate, there comes a point at which 
the double sulfate K,SO,CaSO,4H,O crystallizes. Some analyses are given of 
the solutions along the 21° isotherm; but the nature of the solid phases is ig- 
nored. The same phenomena occur when the bromid or the iodid of potassium 
is substituted for the chlorid. With ammonium chlorid no double sulfate is 
formed and one is not obtained with sodium chlorid. The author is much 
handicapped by his ignorance of the phase rule. W.D. B. 


On the causes of the reciprocal displacement of two acids. A. Colson. 
Comptes rendus, 126, 837 (898\.— From the text it is impossible to make out 
what the author has actually observed. Only this much is clear : At 12° hydro- 
gen sulfid is not completely absorbed by Ag,PO,, while it is at higher tempera- 
tures. Since the reaction is exothermal, this behavior is unintelligible unless 
the author has been studying a case of false equilibrium. W. D. B. 


Influence of temperature on chemical reactions. .4. Colson. Comptes 
rendus, 126, 1136 (7898). — At 10° hydrogen sulfid does not act perceptibly on 
dry Zn;(PO,),; but decomposition takes place at 100°, rapidly at 160°. The 
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mass of hydrogen sulfid decomposed in the unit of time is proportional to the 
square of the pressure. Even at 0° hydrogen sulfid reacts with cupric ortho- 
phosphate or pyrophosphate, though very slowly. W. D. B. 


On the formation of the carbids of the alkalies, of the alkaline earths, and of 
magnesium. //. JMoissan. Comptes rendus, 126, 302 (7898).—Sodium acts 
very slowly on acetylene, evolving hydrogen and forming the compound C,HNa. 
On heating this substance acetylene is given off and the carbid C_Na, is left be- 
hind. Heating still higher the metal escapes leaving graphite behind. Potas- 
sium and lithium carbids can be obtained in the same way. Magnesium carbid 
breaks up below the fusion point of magnesium. The reason that the carbids of 
potassium, lithium, sodium and magnesium cannot be prepared in the electric 
furnace is that the temperature of the latter is too high. W. D. B. 


On the dissociation of the carbids of barium and manganese. Gin and Le- 
leux. Comptes rendus, 126, 749 (1898).— The authors have succeeded in 
driving off barium and manganese from the carbids of these metals in the elec- 
tric furnace. The carbon remains. W. D. B. 


On the relation between the reduction by nascent hydrogen, the electrolysis 
and the photolysis of carbonic acid. 4. Bach. Comptes rendus, 126, 479 (1898). 
— Formaldehyde is formed when aqueous carbonic acid is acted on by hydrogen 
and palladium. The same product is obtained by the action of sunlight and the 
author feels sure that it might also be obtained by electrolysis. W. D. B. 


On the separation and determination of iodin, bromin and chlorin. A. Car- 
not. Comptes rendus, 126, 187 (7898). —Ilodin is set free by sulfuric acid and 
nitrous vapors ; it is then removed with carbon bisulfid. Bromin is set free 
with chromic acid and removed with carbon bisulfid. W. D. B. 


On the sterilization of liquids by filtration. /. HYausser. Comptes rendus, 
126, Syg (/Sg8). —If infusorial earth be heated at a temperature a little below that 
at which it fuses, it acquires very marked absorbent properties. W’.D. B. 


Osmotic Pressure and Diffusion 


Effect of the X-rays on the phenomenon of osmose. //. Pordier. Comptes 
rendus, 126, 593 (7898). — When the X-rays passed down through a solution of 
cane sugar to the membrane, the rate at which water diffused into the solution 
was reduced very decidedly. The same effect was produced when a bit of alu- 
minum foil was placed between the source of the rays and the solution. Unfor- 
tunately it did not occur to the author to reverse the position of the solution 
and the solvent and see whether the rate of diffusion was increased. The sug- 
gestion is made that the action of the X-rays upon living tissue may be con- 
nected with a disturbance of osmotic equilibrium. W.D.B. 

Osmotic experiments on very dilute solutions of cane sugar. A. Fonsot. 


Comptes rendus, 125, 867 (1897). — Reviewed (2, 203) from Bull. Soc. Chim. 
Paris, (3) 19, 9 (1898). 


Study of physical and chemical equilibria by the osmotic method. 4. Pon- 
sot. Comptes rendus, 126, 335 (7898).—A statement to the effect that the 
study of chemical and physical equilibria can be simplified by assuming the 
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existence in the solution of a number of boxes semipermeable with respect to 
different components, each box being provided with its own piston. 


W. D. B. 


On the diffusion of gases through gelatine containing water. A. //agen- 
bach. Wied. Ann. 65, 673 (7898).—The diffusion of gases through a solid 
solution of twenty percent gelatine in water in presence of an excess of the latter 
is investigated. For a description of the apparatus and method the original 
article must be consulted. At 14° to 15° and with a difference in pressure of 
one atmosphere, the following volumes of gas expressed in cubic centimeters at 
o° and 760 mm pass through a cube having an edge of one cm of the gelatine 
solution in one day: CO, 0.845, N,O 0.509, H, 0.0565, H,S 3.96, O, 0.230, NH, 
1271. The coefficients of absorption of these gases in the gelatine solution were 
also determined. They were found to differ but slightly from Bunsen’s results 
for water, — the percentage differences are greater at low temperatures. Calcu- 
lation of the diffusion constants K by dividing the above volumes by Bunsen's 
coefficients of absorption of the gases by water gives the following results: CO, 
at 15° 0.843, at 0° 0.770, N,O at 14° 0.634, H, at 14° 2.95, H,S at 15.5° 1.24, NH, 
at 17° 1.594, O, at 14° 7.58. The author apparently inclines to the view that the 
relatively high value for oxygen is due to chemical action of this gas on gela- 
tine. He hopes to investigate this further. A comparison of these diffusion 
coefficients with those found by Hufner for water shows that the former are 
smaller throughout with the ( possibly only apparent) exception of oxygen. The 
results obtained indicate that Exner’s law that the volumes of the diffusing 
gases are to each other as their coefficients of absorption and inversely as the 
square roots of their densities is only approximate. ho es 

Velocities 

The rate of hydrolysis of maltose. 4. von Sigmond. Zeit. phys. Chem. 
27, 385 (S98). — The article contains polarimetric measurements of the rate of 
the above reaction in the presence of hydrochloric, sulfuric and oxalic acids. 
The reaction is monomolecular and obeys the same temperature law as cane 


sugar. The rate is however much less than in the case of the latter substance. 


FLRBLK. 


Effect of the concentration on the reaction velocity. A. v. //empiinune. 
Zeit. phys. Chem. 26, 728 (1898). — Tne reaction was the formation of iodin in 
acidified solutions of potassium iodid. For dilute solutions of potassium iodid 
the reaction is bimolecular. With double normal solutions of sulfuric acid a 
satisfactory constant was obtained, but this was not the case with fifty and 
eight percent solutions of acetic acid. The action of light increases the reaction 
velocity and the effect due to the change in the strength of the light is about the 
same no matter what the acid. The catalytic action of oxalic and acetic acids 
is much greater than would be expected from the conductivity. With increas- 
ing concentration of acetic acid the reaction velocity increases up to a maximum 
for seventy percent acetic acid. The action of concentrated acids on metals is 
also very different from the action of dilute acids. This paper is merely a pre- 
liminary study. W.D. B. 
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Catalytic action on the speed of oxidation of sodium sulfite by the oxygen of 
the air. S. L. Bigelow. Zeit. phys Chem. 26, 493 (7898).— Air is passed 
through an aqueous solution of sodium sulfite, the strength of which is deter- 
mined from time to time with a standard solution of iodin with the aid of a so- 
lution of sodium thiosulfate. The effect of the addition of various substances — 
chiefly organic — in small amounts on the rate of oxidation istested. With the 
exception of succinic acid, carbonic dioxid and ozone — which accelerate the 
speed of the reaction — the substances tested either retarded the reaction or had 
no effect. The latter substances are ethyl acetate, acetone and sodium sulfate. 
The substances that had a retarding influence include primary and secondary 
alcohols, polyatomic alcohols, phenol, the three cresols, anilin, ether, acetic- and 
benzaldehydes, benzene, turpentines, sodium hydroxid, potassium tartrate and 
sodium succinate. Many difficulties had to be overcome in order to obtain 
reliable results; and yet after all different samples of water from the same 
source always yielded very different results, a fact for which no explanation is 
found. 

The retardation of the speed of oxidation of sodium sulfite by the substances 
named the author terms catalytic action. The only reason that he gives for 
doing so is that considerable retardation is caused by small amounts of sub- 
stance. In no case does he show that the substance that causes such retar- 
dation remains unchanged or—that being difficult to do—that a little of it will 
suffice to retard the reaction for a considerable period of time, the experiments 
being run generally only for thirty minutes. 

Now the substances that retard the oxidation are, with the exception of 
sodium hydroxid, reducing agents; and indeed the order in which the author 
arranges the substances as to their retarding influence is, very nearly at least, 
that of their reducing power. The substances that did not retard are not 
reducing agents or but very poor ones. In the face of these facts it would 
at least appear doubtful as to whether the retardation of the oxidation by these 
various ingredients is really catalytic action. , & 


On the catalytic action of platinum black. <A. von Hemptinne. Zeit. 
phys. Chem. 27, 429 (1898).— In the hope of throwing more light on the ques- 
tion as to whether the occlusion of hydrogen by platinum black is due to 
chemical combination or to surface condensation, the author makes comparative 
measurements of the absorption at ordinary and at very low temperatures. 
Chemical combination would probably be checked by great cold : condensation 
on the other hand would be increased. As a matter of fact charcoal was found 
to condense about six times as much hydrogen at —78° as at 15°, while in 
the case of platinum black the absorption was much /ess at the /ow temperature. 
The author, therefore, rejects the assumption of simple surface condensation as 
the cause of the absorption of hydrogen by platinum black. He obtains several 
curious results with hydrogen and carbon monoxid in palladium, but refrains 
from drawing conclusions until more detailed experiments shall have been car- 
ried out in boiling air. F. BR. 


Note on the rate of dehydration of crystallized salts. 7. W. Richards. 
Zeit. anorg. Chem. 17, 165 (1898). — Reviewed (2, 403) from Proc. Am. Acad. 
33, 23 (1897). 
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On the dispersion of electrically glowing platinum and palladium wire. IW. 
Stewart. Wied. Ann. 66, 88 (7898). — The author investigates the phenome- 
non first pointed out by Nahrwold that platinum heated to a red heat by an 
electric current apparently sends off fine particles. He also undertakes a study 
of palladium wire as well as platinum in air, hydrogen, nitrogen, and in oxygen 
of different pressures. 

His method is to suspend a wire of about 0.25 mm diameter and 170 mm 
long between two large platinum hooks soldered to copper leads. By enclosing 
the wire in a suitable vessel he is able to introduce the different gases and to 
maintain them at different pressures. The temperature of the wire is kept con- 
stant at any desired point for all the experiments by measuring the differences 
of potential between the copper leads and a suitable manganin resistance. The 
weight of the wire before and after the experiment gives the amount of the dis- 
persion. 

The results of the work are : 

1. The strength of the dispersion decreases for both Pt and Pd the longer 
the wire is kept glowing. The weight lost varied from 0.68 percent to 0.11 per- 
cent after the sixth experiment. 

2. The dispersion is the same for dry air as for moist air. 

3. The dispersion is unchanged if the wire is surrounded by a brass tube 
connected to earth. 

4. With decreasing air pressure the dispersion of the Pt decreased while 
that of the Pd increased. 

5. In hydrogen there was no dispersion of the Pt even at a clear white heat. 
The Pd shows only about one-sixth the effect produced by air. 

6. In nitrogen the metals show only a very weak dispersion. 

7. That the dispersion in air is conditioned by the presence of oxygen. 

MM. 7. B. 
Electromotive Forces 


On galvanic polarization. H. Jahn. Zeit. phys. Chem. 26, 385 (1898).— 
The author has determined and tabulated the polarization at 0° and at 40° ; the 
temperature coefficient of the polarization ; the loss of heat in the battery dur- 
ing the decomposition of one reacting weight of the salt at 20° ; the heat effects 
at 20° in the decomposition cell at the anode and the cathode for the sulfates of 
copper, zinc and cadmium and for the nitrates of copper, lead and silver. The 
battery used was the modified De la Rue cell (2, 205) and the measurements 
were made with the ice calorimeter. Thermodynamic formulas are deduced for 
the polarization with salts of the heavy metals and with acids. The value of 
these formulas is open to question. For instance, the conclusion is reached that 
with an oxygen acid the polarization is independent of the concentration and 
dissociation of the acid. This is true only tothe extent that the electromotive 
force of the hydrogen-oxygen gas cell is independent of the concentration and 
dissociation of the acid. This is very nearly the case, so nearly as not to be 
detected readily in polarization experiments ; but that is not a justification for 
the formula being wrong. Some experiments were also made with dilute solu 
tions of the salts of the alkali metals. W. D. B. 
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On the thermal mercury ammeter. C. Camichel. Comptes rendus, 126, 
240 (1898).— Some modifications in the instrument previously described 
(2, 73). W. D. B. 


On the mercury thermal ammeter, its industrial applications ; a new standard 
of electromotive force. C. Camichel. Comptes rendus, 126, 1028 (1898).—A 
further discussion of the accuracy of the new form of mercury ammeter (see 
preceding review). It is pointed out that by introducing suitable resistances 
the instrument can be used to measure potential differences. W. Dz. RB. 


Electrolysis and Electrolytic Dissociation 


Preparation of glucinum by electrolysis. P. Lebeau. Comptes rendus, 
126, 744 (7898). — Glucinum can be precipitated electrolytically from the fused 
double fluorid GF,NaF. The current was 6-7 amperes and the potential differ- 
ence 35-40 volts. W.D. B. 


On the alleged decomposition of sulfur. 7. Alexander. Zeit. Elektro- 
chemie, 5, 93 (1898). — The author has repeated the experiments of Gross (1, 
620 ; 2, 140; 3,64). On the action of the current on molten silver chlorid and 
sulfid. No ‘‘ bythium’’ was obtained. W.D. B. 


The velocities of electrical ions at 18° in dilute aqueous solutions up to tenth- 
normal concentrations. F. Aohlrausch. Wied. Ann. 66, 785 (1898).— One 
object of this paper is to test the assumption that the migration velocity of an 
ion may be treated as a function of the concentration, disregarding the dissocia- 
tion completely. According to this hypothesis the migration velocity of a given 
ion at a given concentration will always be the same no matter what the other 
ion may be. On studying the apparent change of migration velocity with the 
concentration it was found that the same formula could be used for all univa- 
riantions with the exception of hydrogen and hydroxyl. This formula may be 
written /, —/, — Qy\, where / is the migration velocity, 74 the linear concen- 
tration, and Q a constant. Ifthe conductivities are expressed in reciprocal 
ohms the value of Q is 213. For hydrogen and hydroxyl as ion double to 
treble the normal value must be assigned to Q. In compounds containing two 
univalent and one bivalent ion, the change of the migration velocity of the 
bivalent ion with the concentration can be represented approximately by the 
formula for hydrogen or hydroxyl as ion. When both cation and anion are 
bivalent the decrease of the migration of the velocity with increasing concentra- 
tion is much greater than in the case of two univalent ions. W. D. B. 


On the electric conductivity of solutions of potassium permanganate. £. /¢- 
grand. Comptes rendus, 126, 1025 (1898). — Conductivity determinations at 
25°, 35° and 45°. Thetemperature coefficient for 2/16 solutions is 0.021 between 
25° and 35°, while it is only 0.014 between 35° and 45°. The author considers 
that his measurements at high dilutions confirm the hypothesis of Bouty that 
the equivalent conductivity of all neutral salts is the same at infinite dilution. 

W. Dz. B. 


On the electrical resistance of crystallized silicon. F. LeRoy. Comptes 
rendus, 126, 244 (1898). — The conductivity of crystallized silicon varies very 
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much with the degree of pulverization, of compression, etc. In round numbers 
the resistance is thirteen hundred times that of carbon and the author hopes 
that some day it may be used for high resistances. W D.B. 


On the influence of pressure on the electrical conductivity of solutions. 4. 
Bogojawlensky and G. Tammann. Zeit. phys. Chem. 27, 457 (1898 ).—When 
the dissociation of the solvent may be neglected, the ‘‘ pressure-influence on the 
conductivity ”’, 1 oA is expressed by - ror 2 49, 1 oe 

° A + " v SP 9 Ap © SM 
conductivity, # — pressure, v — volume, 9 = viscosity and a — degree of disso- 
ciation. It is first shown that for dilutions of 100 L per g-mol and upwards the 
first two terms of the expression may be replaced by the corresponding values 
for the pure solvent, which are calculated from previous data. The third 
term is calculated for various acetic acid and chloracetic acid solutions from the 
dissociation constant and volume change on dissociation. The pressure-influ- 
ence on the conductivity calculated in this way for 500 atinospheres agrees sat- 
isfactorily with the experimental results. Other questions discussed are: Influ- 
ence of volume change by dissociation on the pressure influence, pressure-influ- 
ence in very dilute solutions (in which the conductivity of the solvent cannot 
be neglected) and the pressure-influence in solutions of multivalent ions. A 
description of the apparatus used and tables of the results obtained are ap- 
pended. F. B. K. 

Some observations of the conducting power of the burnt products of the gas 
flame. A. Wesendonck. Wied. Ann. 66, 121 (78g8).—The fact was first 
pointed out by J. J. Thomson, that air rendered electrically active, loses every 
trace of conducting power when allowed to bubble through water, or when 
passed through cotton or glass wool. Subsequent observers showed these prop- 
erties of gases generally, but were rather divided as to the effect of allowing the 
gas to bubble through water. The author endeavors to study these points for 
the combustion products of the gas flame. His method is very simple and is 
essentially to suck the burnt products into an inverted funnel and from thence 
through successive vessels into a tube where it is brought in contact with the 
metal plate connected with an electrometer. The rate of discharge of the 
electrometer gives roughly the conducting power of the gas. The results of the 
work are to show that cotton or glass wool are equally effective in removing the 
conduction power and that different liquids such as water, mercury, sulfuric acid, 
potassium permanganate, turpentine or glycerin, contrary to the results of 
Townsend, produce only a slight effect when the gas is bubbled through. The 
greatest effect is produced by hot sulfuric acid. 

The second part of the paper is devoted principally to a recapitulation of 
some previous results of the author’s bearing on the present work. The close 
of the paper is devoted toan endeavor to reconcile his results with the ion theory 
of gases. 


where A 


The whole question of the conducting power of gases, being due to minute 
carriers or ions, is one which seems, from the researches of J. J. Thomson and 
his students, to be placed beyond the region of controversy ; hence it is more 
or less unsatisfactory to find the author going into the matter as though the 
question was still unsettled and undecided. HT. B. 
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On the temperature of incandescent lamps. 7. Janet. Comptes rendus, 
126, 734 (7898). —When the resistance of the lamp is fifty-three one-hundredths 
of the resistance at 15°, the temperature is found to be 1620° while Le Chatelier 
found 1600° under the same conditions. W.D. B. 


Contribution to the study of electric furnaces. Gin and Leleux. Comptes 
rendus, 126, 236 (S98). — Treating the arc as a resistance (See 3, 124) the au- 
thors deduce the conclusion that if the arc were enclosed inside an adiabatic 
surface, the temperature of the arc would increase as the square of the current 
density and as the ratio of the resistance of the atmosphere round the arc to the 
specific heat of the enclosing atmosphere. In making calcium carbid a bril- 
liant layer of graphite is noticed nearest the arc and farther off a layer of crys- 
tallized calcium carbid. This layer of graphite is attributed by the authors to 
the dissociation of calcium carbid at temperatures below the sublimation point 
of carbon. W.D. B. 


Dielectricity and Optics 


On the mutual action of two current circuits and the application to the de- 
termination of dielectric constants. /. 4. Erskine. Wied. Ann. 66, 269 
(7898). —The author brings forward a new method for the determination of 
dielectric constants, which depends on the attainment of complete resonance 
between two circuits. The current induced in the secondary circuit by a con- 
denser discharge in the primary depends entirely on the capacity and resistance 
of the secondary circuit. Hence, as the author shows mathematically, by 
making the coefficient of mutual induction small in comparison with the coeffi- 
cients of self induction, a large change in the secondary current takes place 
with a fairly small change in the capacity. Taking a convenient capacity for 
the primary and introducing a Kohlrausch condenser with adjustable plates in 
the secondary the way in which the current varies with the change in capacity 
is studied. Asa very delicate current indicator the author uses the sensitive 
magnetic needle devised by Rutherford. Characteristic curves are given show- 
ing how the current rises rapidly as the distance between the condenser plates 
is diminished, passes through a maximum for the resonance point and dimin- 
ishes again. 

Calculating the capacity for the Kohlrausch condenser in the usual way, 
the capacity of any other condenser can be at once deduced by introducing it 
into the secondary circuit in place of the Kohlrausch condenser. The dielec- 
tric constant of a liquid of course can be calculated by measuring the capacity 
of a suitable condenser first with air and then with liquid. The chief source of 
error pointed out by the author is the introduction of substances with great ab- 
sorption. The effect is to seriously change the damping of the secondary oscil- 
lations. Great care has then to be taken with the insulation. The author has 
evidently made a painstaking study of the method and has made careful deter- 
minations of the dielectric constants of a number of substances, but unfortu- 
nately owing to the peculiar effect produced by defective insulation, and the in- 
troduction of substances of high absorptive power in the condenser the method 
does not appear to hold any advantages over the ordinary methods of measur- 
ing dielectric constants. Mm. 2: Be 
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On the conduction of electricity through thin films of dielectric substances. 
W. Leick. Wied. Ann. 66, 1107 (1898). — The author investigates the electric 
leakage effect in thin dielectric films of the order of 0.05 mm. These films of 
gutta percha, collodium, paraffin and sulfur are prepared between two brass 
plates. The resistance of the films is measured by the ordinary Wheatstone’s 
bridge method. The most interesting results arrived at are: that the resistance 
of the films appears to depend on the current strength, decreasing as that in- 
creases ; that the change in resistance produced by a gradual change in the cur- 
rent intensity shows a certain hysteresis effect ; that gutta percha and paraffin 
show no polarization, while sulfur shows a strong polarization. a. 3. &. 


Note on the “‘ studies on electrical vibrations” byH. Kauffmann. £. Wiede- 
mann and G. C. Schmidt. Zeit. phys. Chem. 27, 343 (1898). — The authors 
call attention to their own research on this subject, Wied. Ann. 56, 18 (1895). 

F.B.K. 

On the note by E. Wiedemann and G. C. Schmidt on my studies on electrical 
vibrations. H/. Aauffmann. Zeit. phys. Chem. 27, 518 (7898).— The author 
points out that there is an essential difference between his investigations and 
those of Wiedemann and Schmidt, in that his observations were all carried out 
on vapors at atmospheric pressure. te A 


Studies on electrical vibrations. 7. Aauffmann. Zeit. phys. Chem. 26, 
719 (1898).— (Preliminary communication). When the vapor of a substance 
at atmospheric pressure is subjected to the influence of electrical vibrations in- 
duced by a Tesla current one of two phenomena is usually observed : either the 
vapor is traversed by colored sparks or a fluorescence of more or less bright- 
ness is produced. Only a few substances remain completely dark. Fifty-six 
organic substances were investigated and more or less connection between their 
constitution and their ability to fluoresce was noted. F. B. KR. 


On the reaction pressure of cathode rays. F. Riecke. Wied. Ann. 66, 954 
(7898 ). — In order to determine the back pressure exerted on the electrode by 
cathode rays the discharge from a Topler influence machine was sent through 
an electrical radiometer. From observations of the acceleration, final velocity 
and retardation (after short-circuiting the discharge ) of the radiometer and from 
a determination of the moment of inertia of the vane the pressure on a unitarea 
of the fans may be calculated. The ratio of this pressure to the current strength 
was found to be constant. ‘‘ The reaction pressure of the cathode rays is con- 
sequently proportional to the strength of the discharge current’’. [Since the 
current varied only between 2.77 and 3.52 and the constant between 124 and 
131 —almost regularly —the result is not very convincing : even assuming the 
pressure to vary as the logarithms of the current, as good a constant would be 
obtained.] In the latter part of the article the author calculates the reaction 
pressure from the amount of heat evolved when the rays strike the glass of the 
tube (Wiedemann and Ebert). Assuming that all the energy comes from the 
kinetic energy of the rays, he finds a pressure of the same order of magnitude as 
that calculated from the movement of the radiometer. F. BLK. 
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Transparency of bismuth in a magnetic field. /. Violle. Comptes rendus. 
126, 462 (898). — According to the electromagnetic theory of light there is a 
relation between the transparency of a substance and its electrical conductivity. 
Placing a thin sheet of bismuth in a magnetic field did not, however, change its 
transparency perceptibly. W. Dz. B. 


Influence of the temperature on the rotatory power of liquids. 7. A. Guve 
and E. Aston. Comptes rendus, 125, 819 (1897). — The following conclusions 
are formulated : 

In general and within the limits of actual experiments the specific rotatory 
power of an active liquid diminishes steadily under the influence of rising tem- 
perature, without any sudden variation when the substance passes from liquid 
to vapor. The rotatory power of an active liquid does not appear to approach 
a limiting value as the temperature is raised more and more. 

An exception to these conclusions is to be found in amyl alcohol. Here the 
specific rotatory power first decreases and then increases with rising tempera- 
ture. This can easily be accounted for by assuming that the polymerized liquid 
alcohol has a lower rotatory power than the unpolymerized alcohol. At low 
temperatures where the change in the polymerization is slight, normal results 
are obtained. With further rise of temperature the change due to the depolym- 
erization is an important one. The following facts may be cited in behalf of 
this hypothesis. According to Ramsay and Shields liquid amyl alcohol is 
strongly polymerized. In aqueous solutions the specific rotatory power is very 
nearly that of pure vapor, while in benzene solution the specific rotatory power 
is less than that of the pure liquid. W. Dz. B. 


On the rotatory power of polymeric substances as compared with those of 
their monomers. J/. Berthelot. Comptes rendus, 125, 822 (1896). — Referring 
to the results of Guye and Aston (preceding review) the author recalls the facts, 
observed by him, that the rotatory power of metaturpentine is less than that of 
isoturpentine and that the rotatory power of styrene is less than that of meta- 
styrene. W. Dz. B. 


On the rotation dispersion of tartaric acid and of turpentine. G. V’. Wen- 
dell. Wied. Ann. 66, 1/49 (1898). — The author makes a few additions to the 
facts and theories of this subject —the latter being more striking than the for- 
mer ; ‘‘ To me it appears that the gradual alteration of the relative distances of 
the atoms, their arrangement and their movements with increasing dilution must 
have a very marked effect on the elasticity and density of the ether and that 
they consequently exert a much greater influence on the rotation than is 
usually supposed ’’. F. B. RK. 


On the spectrum of carbon in fused salts. 4.deGramont. Comptes rendus, 
125, /72, 238 (1897). — By regulating the potential difference of the discharge 
the author has succeeded in obtaining the spectrum of carbon from fused salts 
and from graphite. With the fused salts only the lines of carbon were seen ; 
but with Siberian graphite from the Alibert mine the band spectrum of Swan 
was also obtained. W.D B. 
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Note on the spectra of hydrogen. 7. WW’. Richards. Am. Chem Jour. 21, 
172 (1899). — The ‘ red’ spectrum of hydrogen can be obtained more readily 
with water vapor than with Irydrogen, the reason apparently being that the 
water can be dissociated into ions at a lower temperature than can hydrogen. 
The author agrees with Hasselberg and with Hutton in believing that the so- 
called ‘cool’ white spectrum of hydrogen is not due to impurities. He also 
points out that Randall's results are really in harmony with those of Trow- 
bridge and Richards. (See 1, 457; 2, 60). W. D. B. 


On the spectrum and nature of neodidymium. £. Demarjgay. Comptes 
rendus, 126, 7039 (/898).—Starting from the double ammonium nitrate the 
author has obtained pure neodidymium, the purity being determined both by 
the spectroscope and the colorimeter. The pure oxid is a clear blue with lilac 
tints in the shadows. The salts vary from a lilac blue to a reddish violet, de- 
pending on the thickness. Traces of samarium or praseodidymium change the 
color of the oxid and of the salts very markedly. W. D. B. 


On the electromagnetic rotation of the plane of polarization in salt solutions. 
S. Oppenheimer. Zeit. phys. Chem. 27, 347 (1898).— Careful determinations 
of the electromagnetic rotation of solutions of sodium chlorid, potassium 
chlorid, sodium bromid, potassium bromid, cadmium chlorid and acetic acid 
show that the specific rotation for these substances is independent of the con- 
centration. F. B. K. 


Rays emitted by compounds of uranium and ofthorium. S. Curie. Comptes 
rendus, 126, s1o1 (1898).—The rays from compounds of thorium are more 
effective in increasing the conductivity of the surrounding air than are the rays 
from the compounds of uranium. Curiously enough, natural chalcolite is much 
more active than artificial chalcolite and the author therefore suspects the ex- 
istence of some active metal in the mineral. Although white phosphorus is very 
active, the fact that red phosphorus and the phosphates are inactive makes it 
probable that the cause of this activity is not the same as in the case of uranium 
and thorium. W. D. B. 


On the light absorption of uranyl salts. FL. Duessen. Wied. Ann. 66, 
7128 (1898).— A detailed investigation of the absorption spectra of various 
uranyl salts in water, alcohol, glycerin, ether, ethyl acetate, methy! alcohol 
and acetone. In order to identify the corresponding lines in the different sol- 
vents the displacement was followed where necessary, through intermediate 
mixtures. Photometric measurements both of the total absorption and of the 
individual lines were also carried out. No general conclusions of importance 
were arrived at. F. BLK. 


On the relation between the color and the constitution of the halid double 
salts. N.S. Kurnakow. Zeit. anorg. Chem. 17, 207 (1898).— An attempt to 
show that in the double chloroplatinates crystallizing with ammonia the color of 
the solid salt depends on whether the ammonia belongs with the PtCl, or with 
the other chlorid. Incidentally, several salts are discussed which undoubtedly 
form solid solutions with water, though this point is not recognized by the 
author. W.D.B. 
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An illumination apparatus for monochromatic light with fixed slits. A’. 
Straubel. Wied. Ann. 66, 350 (1898).—The author merely describes the ap- 
plication of a prism with variable angles to a spectroscope so as to minimize the 
numerous adjustments necessary when monochromatic light is used. The 
construction and position on the spectroscope are briefly described. 

Mm. 7. 8. 
Crystallography, Capillarity and Viscosity 


On the crystallographic identity of the dextro-rotary and laevo-rotary 
asparagins. 7. /reundler. Comptes rendus, 125, 657 | 1897). — According to 
the measurements of Grattarola the crystals of dextro-rotary asparagin differ 
slightly from those of laevo-rotary asparagin. and this has been cited by Walden 

I, 460) as an exception to Pasteur’s law of hemihedral forms. The experi- 
ments of the author show that this discrepancy does not exist. W. D. B. 


A study of the surface tension of water in narrow capillary tubes. 7. |’o/k- 
mann, Wied. Ann, 66, 794 (7898).— This paper is the outcome of the discus- 
sion between the author and Quincke (2, 76) on the merits of their respective 
methods of measuring the surface-tension of water. The method of Quincke 
embodied the use of narrow dry tubes of 0.2 to 0.1 mm diameter, while that 
of the author wet tubes of larger bore, 0.5 mm. In order to explain the differ- 
ence between the author's results and those of Quincke he undertakes a care- 
ful series of experiments to determine to what extent the capillary height de- 
pends on the composition and character of the glass and to what extent it varies 
with the area of the tube. He uses six different kinds of glass of different com- 
position, both hard and soft. His method of procedure was to draw the capil 
lary from pieces 1 cm in diameter. Closing off the tube without allowing the 
gas flame to come in contact with the interior, he immerses the fused end in 
water and breaks it off. The capillary height is read by means of a cathetometer 
reading to 1 100mm. He finds this a much quicker way than with the long 
micrometer screw and observing telescope, employed in his previous work. 
The capillary tubes are placed in a water-bath together and the cathetometer 
about 30 cm away. 

The results of the work show that capillary constant is unaffected by the com- 
position of the glass, within the limit of his measurements, 0.01 mm*, and that 
for the narrow tubes of from 0.1 to 0.3 mm the capillary constant was 0.044 mm? 
and the surface-tension 0.022 mg mm greater than for his older observations with 
larger tubes. No difference could be found using moist or dry tubes. The 
author claims the differences found by Quincke for fresh drawn or old tubes 
were probably due to errors in the determination of the areas of the tubes he 
used. The author rightly emphasizes the importance of careful measurements 
of the area of the tubes and marks a fine line in order always to bring the water 
level to a known part of the tube. This he claims Quincke neglected to do. 

me. Fs 

On the surface tension of mercury. /. S/ockle. Wied. Ann. 66, 499 (7808). 
—-A summary, made by Quincke, of the surface-tension of mercury has shown that 
this varies between wide limits. The author considers this not due alone to 
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errors of observation but much more to the well known continuous decrease 
noted in making determinations of the surface-tension of mercury. The present 
paper is a record of a very careful series of observations made by the author in 
order to find out in just what way and to what extent the surface-tension varies. 
The method is that of Helmholtz and Konig and consists in measuring the size 
and curvature of mercury drops. Instead of using the approximate formula of 
Poisson for the determination of the surface-tension, which was shown by Lohn- 
stein to be merely a very rough approximation, the author uses the method of 
Bashforth and Adams i. e. determining the capillary surface by mechanical 
quadrature. The author gives a very ciear description of the apparatus used. 
The results of the work show that the surface-tension is constant both in 
vacuum and mercury vapor and amounts to 44.3 mg/mm. The tension is 
greater on fresh surfaces of mercury in gases, but gradually decreases, finally 
approaching the value in vacuum. The decrease takes place rapidly in hydro- 
gen, and slowly in nitrogen. This decrease in value is to be ascribed to a con- 
densation of the gas on the mercury surface and not to the accumulation of fatty 
vapors. (Compare next review. ) Mm. 1.8. 


The surface tension of mercury in gases. G. Meyer. Wied. Ann. 66, 523 
(7898).— The results obtained by Stockle (see last review) show that the sur- 
face-tension of mercury in the presence of gases is much greater than in vacuum. 
In order to further prove this point the author studies the surface-tension of 
mercury flowing from an elliptical orifice into the gas. Thisof course offers con- 
tinuously a fresh surface and prevents the falling off in surface-tension, charac- 
teristic of the statical method. The method consists in measuring the wave 
length set up in the mercury column flowing both in gas and in vacuum. If A 
represent this and # the pressure under which the mercury flows into the 
vacuum, then T the surface-tension is represented by the relation 

. p 
A —const \ T° 
In a gas the values X, f, and T, are simply substituted. Hence knowing T, the 
surface-tension in vacuum, the values can be deduced from different gases. 

The author compares his results with those of St6ckle’s accepting the 
latter’s value of the surface-tension in vacuum. The results are all higher and 
show undoubtedly the enormous effect produced by the gases. 


Meyer Stdéckle 


Gas dynamic method static method 
Air - - - - - - - 51.5 48.8 
oO - - - - - - - 51.4 48.7 
N - - - - - - - §0.5 49.8 
co, - - - - - - 49.6 49.0 
H - - - - - - - 56.5 47-9 


The author discusses the possibilities of error in the method of Quincke, which 
in air gives such a large value i.e. 55.8mg/mm. Nosatisfactory conclusions are, 
however, arrived at. %. 2. 8. 





























THE COMPOSITION OF MIXED VAPORS, I 


BY HECTOR R. CARVETH 


It has long been known that only in the cases of a chemical 
compound absolutely pure, and of a few two-component systems 
which show a maximum or minimum vapor-pressure is the 
percentage composition of the vapor phase the same as that of 
the liquid phase with which it is in equilibrium. From the 
slight knowledge of this subject has been deduced the theory of 
fractional distillation to cover the cases where both components 
are volatile, that is when their boiling-points do not lie too far 
apart. When, however, as in the case of a salt and water, there 
is a great range of temperature between the boiling-points, the 
assumption is made that the component with the higher boiling- 
point is non-volatile, and on this rests the present day theory of 
the rise of the boiling-point in dilute solutions. Of course there 
can be no absolute division of chemical bodies into volatile and 
non-volatile classes; everything depends on the conditions of 
the experiment. Any theory, therefore, which is based on the 
relative non-volatility of one of the components cannot be of 
general service. It is unfortunate that the majority of physical 
chemists appears to be satisfied with the theory which applies not 
to the general, but to the particular case, and even then for very 
dilute solutions only—and leave out of the range of their 
research the examination of dilute solutions where both com- 
ponents are volatile. 

This may therefore be given as one reason why it is that the 
experimental side of the determination of vapor compositions 
has been so poorly developed; but this cannot explain why the 
organic chemist has failed to use the best methods in examining 
the possibilities of separation of the components in mixtures. 
The truth of this statement is supported by the paucity of the 
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cases given in chemical literature where there has been deter- 
mined with azy degree of accuracy the compositions of liquid 
and vapor phases which are in equilibrium at any pressure 
whatever, while the cases exemplifying separations carried out 
under the ordinary conditions of laboratory or actual technical 
work have (so far as the writer is aware) not been attacked at 
all. The scope of the field is hence very great. 

Another reason, and one perhaps more important, is that 
such determinations have hitherto been made only with great 
trouble. All methods which have been employed have required 
that the vapor shall be removed from above the solution, con- 
densed, and then analyzed by titration,’ surface tension,' optical? 
or density? methods or by ultimate chemical analysis.4 The ob- 
jection which must be raised to every method of vapor composi- 
tion determination is that, since the composition of the vapor is 
different from that of the solution, its continuous removal for the 
purpose of analysis changes the composition of the solution with 
which it was in equilibrium. An instance of the extent of this 
change will be shown later in the discussion of the results 
obtained by Brown.3 

The method whose description and illustration is the 
especial object of this paper rests to a certain extent under the 
same disadvantage as all previous ones, but it is believed that 
easily determined corrections may be introduced which will ren- 
der it exact in its determination of vapor composition ; and 
although laboratory experience is disclosing some imperfections 
in the apparatus used, it has been thought advisable to publish 
the method and the few results obtained by its use up to the 
present. 

Expressed very briefly the new method suggested is this: 
The condensed vapor is returned to a small receiver within the 
larger flask containing the solution whose boiling-point is being 
taken (pressure constant), and in this receiver the condensed 





'Duclaux. Ann. Chim. Phys. (5) 14, 305 (1878). 

* Lehfeldt. Phil. Mag. [5] 40, 398 (1895); 46, 42 (1898). 
* Brown. Jour. Chem. Soc. 35, 547 (1879) ; 39, 304 (1881). 
* Linebarger. Jour. Am. Chem. Soc. 17, 617 (1895). 
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vapor is made to boil. From this boiling-point one may, by 
consulting the boiling-point curve of the two liquids, determine 
with a very fair degree of accuracy the composition of the con- 
densed vapor. 

It is thus apparent that first of all there must be found the 
boiling-point curve for the two liquids. The compounds which 
were first used in this work were acetone and water, and as no 
complete data could be found from which the curve for these 
substances could be constructed, it was necessary first of all to 
determine the curve by experiment. 

The boiling-point of pure acetone was taken, making use of 
the Beckmann apparatus and then weighed amounts of water 
were added and the corresponding boiling-points noted. Then, 
the same apparatus being used, the boiling-point of water was 
noted, small amounts of acetone added and readings taken. 
Here, however, practical difficulties made it necessary to discard 
the Beckmann apparatus as unsuited for this work. 

As the vapor in equilibrium with dilute aqueous solutions 
of acetone contains a far larger percentage of acetone than does 
the solution, it is necessary, if one wishes to obtain a constant 
thermometer reading at constant pressure, that the heating must 
be performed very uniformly — or in other words, when this 
Beckmann apparatus was used, it was found possible to raise or 
lower the boiling-point and seep zt fairly constant at one point 
by changing the rapidity of the heating. (The possibility of 
radiation from the source of heat was of course excluded by the 
use of asbestos mantles.) The larger the condensing chamber 
the greater were the variations observed. Moreover it was found 
that when the tube containing the condensed vapor dipped de/ow 
the surface of the liquid in the boiling-flask (as is invariably 
shown in text-books on physicochemical methods) small explo- 
sions occurred which were due to the sudden superheating of 
the returned condensed vapor. This is easily understood when 
itis stated that in this especial case the condensed vapor frequently 
has a boiling-point lying twenty-five degrees below that of the 
solution with which it had been in equilibrium, and consequently 
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it must have a very high vapor-pressure at the temperature of 
the boiling solution. The Beckmann apparatus cannot there- 
fore be used with two components which are both sensibly vola- 
tile unless special precautions are taken. 

It was then decided that the most accurate readings could 
be made only by making use of large amounts of solution with 
a relative small vapor space above for the condensing chamber. 

The boiling-point readings therefore were taken after add- 
ing small amounts of acetone to water in a one liter balloon 
flask, the condensing chamber being a long Liebig condenser. 
The amount of solution used was never less than 400 cc. The 
acetone was added through the condenser after the solution had 
been allowed to cool down sufficiently. Diffusion of the vapor 
into the air was practically prevented by the very cold surface 
of the condenser walls, and by having a cork fitting loosely in the 
top. Making use of this simple apparatus, it was very easy to 
obtain readings constant to tenths of degrees, whereas with the 
Beckmann apparatus it was not at all unusual to have readings 
vary whole degrees by mere variation of the rate of heating. 

When the whole boiling-point curve had been determined, 
a third hole was made in the cork of the liter flask and through 
it was passed a glass tube AB, blown as shown in the figure (see 
Fig. 1). Its length was 18 cm, mean diameter 20 mm, capacity 
of bulb B up to the side opening D about 8 ce. Through the 
drawn-out portion of the bulb B is sealed a rather heavy plati- 
num wire G, whose purpose is to help conduct heat from the 
boiling solution outside to the contents of the receiver B. In 
the sides of the latter are two openings D and E, the former 
allowing the vapor and excess of condensed vapor to return to 
the boiling’ solution, while through the latter (E) passes the 
glass tube which serves to catch the condensed vapor, and deliver 
it through a small opening at the end of the tube into the receiver 
B, just above the platinum wire. Above the lower end of this 
tube and just above G are placed, in such amount as practically 
to fill the bulb B, tetrahedra made either of silver, copper or 
platinum. Any of these, it may be remarked, are infinitely bet- 
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ter as a means of conveying heat than the beads, agates, etc., 

“| which are so frequently used in boiling-point determinations." 
The thermometer which is placed in the tube AB is always in- 

> 























Fig. 1 
serted to such an extent that no part of its bulb is as high up as 
the opening D. 

Starting now with any solution of the two components, acetone 
and water, one arranges the apparatus so that one thermometer 
is in the solution, and the tube AB is so placed that no liquid 
can enter it at D and no condensed vapor can fall from the re- 
turn condenser into E. The solution is heated and the boiling- 
point noted. When several readings have shown this to be con- 








‘Compare Beckmann. Zeit. phys. Chem. 21, 248 (1896). 
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stant, the whole tube AB is turned so that the liquid from the 
condensing tube may keep dropping into E, and then AB is 
slowly lowered into the solution. The extent of this lowering 
must depend on different circumstances. Thus, in case there is 
a great difference in the boiling-points of the vapor and solution, 
it will often be found necessary to let only the platinum wire G 
come into contact with the solution in the larger flask. In case 
there is no great difference in the boiling-points, it may be neces- 
sary to immerse the bulb B to a considerable extent, but never 
up to the opening D. Under these circumstances the liquid in 
B will boil vigorously, provided that one avoids superheating by 
having sufficient of the tetrahedra present, and that one does not 
allow all of the condensed vapor to pass into the receiver B. 
No fixed rule can be laid down to regulate these details, a 
knowledge of which is acquired after a very short practice. The 
writer has found, however, that superheating is apt to cause 
more trouble than having an excess of the condensed vapor re- 
turn, since the latter can be so readily checked by narrowing the 
receiving tube at its point of delivery above G. 

When the liquid in the receiver starts to boil, it will be 
noticed that the reading of the thermometer immersed in it 
shows lower and lower temperatures, until finally it becomes 
constant, rarely varying 0.05° in an hour. This constant read- 
ing gives the boiling-temperature of the condensed vapor, whose 
composition may now be very readily determined from the boil- 
ing-point curve. 

When a series of readings are to be made, the modus oper- 
andi is varied but slightly. First of all one determines whether 
one of the pure components gives a vapor whose boiling-point is 
the same as that of the component. If the liquid be absolutely 
pure this must be the case. If it is not, there may be a slight 
variation. With the apparatus described in this paper, it has not 
been found possible to have the returned vapor in the inner tube 
boil vigorously unless there was a difference of about one degree 
in the boiling-points of the two liquids. The heat supplied 
from the outer liquid must be sufficient to heat up the returned 
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vapor to its boiling-point and vaporize some of it. The conduc- 
tion of the heat must therefore be very rapid if the condensed 
vapor is returned rapidly, and it is very doubtful therefore if 
glass is the best material for the construction of the bulb B when 
dilute solutions are being used. Experiments are being made 
with a silver receiver to ascertain if it is not possible to have 
vigorous ebullition in the inner tube when there is but a very 
slight difference in the boiling-points of liquid and vapor. Such 
a result can undoubtedly be obtained by varying the size of ihe 
apparatus and introducing electric heating of the inner tube, but 
it is hoped that a more simple form of apparatus may prove satis- 
factory. With such a device one could ascertain the purity of 
a substance by the boiling-point method very quickly. The 
advantage of this over the ordinary method would be that 
variations of pressure during the operation could be completely 
ignored. 

After the preliminary determination, the other component 
is added in small known amounts, the tube AB is lowered until 
both openings E and D are below the level of the solution, and 
the flask is heated until the readings of both thermometers show 
the same temperature — the boiling-point of the solution. The 
receiver AB is now raised and turned to catch the returned con- 
densed vapor. This will in time completely displace the solu- 
tion with which it has been filled, and soon show a constant 
boiling-point. One must now note also the temperature of the 
boiling liquid outside. It will sometimes show a rise of 0.05° 
to 0.10°. It is from the extent of this rise that corrections, if 
required, must be calculated. After these boiling-points have 
been determined, the bulb is again totally immersed in the solu- 
tion when both thermometers must again show the original 
readings. It will be seen that, by working in this manner, a 
continuous series of readings may be made quickly, the boiling- 
curve of the solutions and that of the vapor being determined at 
the same time. This is the method which was used in the case 
of benzene and carbon bisulfide and is decidedly more expe- 
ditious than the one previously described for the case of acetone 
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and water, where the boiling-point curves are determined sepa- 
rately. 

The very important question in connection with this work 
which presented itself at the outset was “ Does the presence of the 
great volume of solution boiling at a far higher temperature in- 
fluence the reading of the thermometer in the tube AB?” If 
this does have any effect, it will render the method useless in so 
far as its claim as a method of analysis is concerned. But con- 
tinued observations showed that, when the liquid in the bulb 
was boiling regularly, neither immersion almost to the opening 
D nor raising until the point G just touched the surface of the 
liquid, caused an appreciable (i. e. up to 0.02°) variation in the 
reading. This cannot be said of the preliminary measurements, 
as the writer had then to overcome the difficulties due to super- 
heating, crude form of apparatus, etc. The inner boiling-tube 
described in this paper has been selected only after experiments 
had been tried with scores of others of different sizes and shapes. 
The constancy of the readings as finally obtained from the appa- 
ratus in its present form forces one to the conclusion that the 
ebullition of the liquid around the thermometer in B cuts off all 
heat effects due to the proximity of the outer solution, and that 
this thermometer can indicate a temperature none other than 
that of the liquid boiling in the bulb B. 

The temperature measurements were made with two 100° 
thermometers divided into tenths of degrees. These were care- 
fully compared with a Reichsanstalt, and all readings given are 
corrected. The pressures as given in the first two tables are not 
corrected, since the corrections as applied would be small in 
proportion to other errors present in the method in its first appli- 
cation. In the tables V, VI, and VII the pressures given are 
corrected. 

The first table contains the data for the boiling-point curve 
for acetone and water. Column I shows the percentage in grams 
of acetone in the solution, Column II the boiling-point of this 
solution, Column III the barometric pressure at the time the 
boiling-point was taken. The determinations were not all made 
on the same day. 
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TABLE I 
I II Ill I II Ill 
%, Acetone B Pt Bar ¥, Acetone B Pt Bar 
100.0 56.15° 748.4 23.61 | 68.95 | 736.6 


95.29 57.22 748.4 | 18.90 71.90 | 740.0 
89.19 58.33 | 748.2 | 17.21 73-31 | 740.3 
84.65 58.99 | 738.9 ! 

77-79 | 59-74 748.6 || 16.49 | 73.56 739-5 
72.07 60.45 748.6 || 12.46 77-16 | 740.0 
65.86 61.02 | 748.7 || 9.58 | 80.70 | 739.6 
54-74 | 62.08 | 748.4 | 4.56 | 88.70 | 739.5 
46.71 63.23 741.8 | 1.9 | 94.63 | 740.1 
35.90 65.91 741.6 |! 0.0 6=6|!|)«699.26 | 740.2 


The next table shows the boiling-points of the condensed 
vapors as compared with those of the solutions with which they 
are in equilibrium. At once the question arises : — how do the 
determinations made in this manner compare with those found 
by other methods? In answering this, the writer made use of 
the still-head method proposed by Brown’ in order to obtain and 
analyze the vapor given off by a solution at a given temperature. 

The method rests on the principle that the composition of 
a vapor issuing freely from an opening depends on the tempera- 
ture of the surrounding walls. If the temperature be higher 
than that at which the substance vaporizes, the vapor will pass 
on unchanged in composition. If the temperature be lower 
than that of the vapor passing into the worm of the still-head, 
condensation either total or partial will take place, and whatever 
vapor escapes from the top of the coil will have the same com- 
position as if it had been removed directly from a solution boil- 
ing at that temperature. The temperature of the vapor in the 
still-head and not the boiling-temperature of the solution in the 
still-head determines therefore the composition of the issuing 
vapor, so long as the still-head temperature is not higher than 
that of the boiling solution. 

The advantage of using this method should lie in the fact 
that the only precautions necessary in its use are that all the 
vapor should be condensed after its removal from the worm, and 





' Brown. Jour. Chem. Soc. 39, 517 (1881). 
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that the temperature of the issuing vapor should be constant. 
In the measurements recorded below, these details have been 
properly attended to. 

In this table of comparison (Table IT), the first column shows 
the boiling-point of the acetone in the outer flask, or the tempera- 
ture of the still-head (these latter measurements being marked 
with an asterisk); the second column shows the boiling-point of 
the condensed vapor in the tube B, or the boiling-point of the 
distillate from the still-head (also marked with an asterisk); the 
third column the pressures, which are not corrected. 


TABLE II 


I II III I II III 
B Pt solution B Pt vapor Bar B Pt solution B Pt vapor Bar 
62.45 | 57-4 |" 745 82.1° 60. 2° 736 
63.6 57-9 745 82.55 60.35 735 
*65.5 *57.4 733 82.60 60.28 735 
65.75 58.0 741 | 84.15 60.52 735 
*67.0 | "67.95 733 85.0 60.6 735 
68.3 58.6 740 88.0 61.43 | 735 
*69.0 *58.4 733 *g0.0 *61.90 | 732 
70.85 59.0 741 90.4 62.0 | 734 
71.9 59.15 740 *Q1.4 *63.60 | 728 
*73.0 *59.2 734 2.0 64.55 734 
73-8 59.25 738 94.1 | 65.05 735 
75.8 | 59.48 738 *94.0 | *65.90 | 728 
77-15 59-7 737 94-5 66.90 735 
78.9 59-95 737 95:3 | 68.3 735 
*80.5 Y *e6.8 " ,oag | 


The data of Tables I and II are represented graphically in 
Fig. 2,’ the curves being plotted in the ordinary manner. For 
example a solution of boiling-point X returns to the bulb B a 
liquid whose boiling-point lies at Y. The point Z on the vapor 
composition curve is thus determined. 

The results obtained by the different methods agree quite 
well, but in almost all cases the still-head method shows more 
acetone present in the distillate than is found by the other 
method, the maximum difference being slightly over one per- 





‘It is probable that the waviness in the lower end of the curve does not 
represent the facts as a smooth curve would have done. 
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cent. The uniform variation in the one direction may be ex- 
plained in one of two ways: 

(1) In the returned-vapor method, it is possible that the 
vapor, descending, is deprived of some of its more volatile com- 
ponent before it reaches the tube B, and if this proceeds uni- 
formly the boiling-point will be constant, and give a higher 
reading than it should. . 

(2) In the constant still-head method as used by the writer, 
some error is present which allows more of the more volatile 
component to pass over than corresponds to the true composi- 
tion of the vapor. 

Owing to the small differences observed in the results from 
the two methods when acetone and water were used, it was 
thought advisable to further test the method by a case which 
had been examined by another investigator," where preliminary 
measurements showed the probability of considerable difference. 
The components were benzene and carbon bisulfide. Consider- 
able care was taken to obtain these substances pure. The ben- 
zene was first fractionated, then shaken repeatedly with concen- 
trated sulfuric acid, crystallized out and again subjected to 





' Brown. Jour. Chem. Soc. 35, 547 (1879). 
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fractional distillation. The carbon bisulfide was shaken with 
sulfuric acid, mercurous sulfate, then with mercury and finally 
fractionated over lime. 

The results obtained by our own apparatus are given in 
Table III. In columns I and II are given the percentages 
(always in grams) of the carbon bisulfide and benzene which cor- 
respond to the boiling-points given in column III, the barometric 
pressure being shown in column IV. In the last column are 
given the boiling-points of the condensed vapors corresponding 
to the respective solutions. 














TABLE III 
I II III IV Vv 
¥, Acetone %, Benzene B Pt solution Bar B Pt vapor 

0.00 100.00 | 79.58 738.8 | 79.54 
3-04 96.96 | 77-07 737-9 | 73-70 
8.61 91.39 73.48 737-4 66.65 
18.11 81.89 68.17 739-3 | 60.25 
25.74 74.26 64.56 739-3 | 56.80 
31.88 638.12 62.02 739-3 | 54.38 
40.45 59-55 58.90 739-4 | 62.30 
49.66 50.34 56.32 742-4 | 51-35 
55-21 44-79 54-709 742-4 59.45 
58.56 41.44 53-85 | 742.5 | 50.10 
64.57 | 35-43 52.40 742-5 | 49.20 
73.01 26.99 - 50.70 742.6 | 48.25 
79:47 | 20.53 49.38 742.6 | 47-75 
87.29 | 12.71 47-93 744-9 | 47-00 
100.00 0.00 45.82 744.1 | 45.75 


When the data obtained above are plotted and compared 
with the results given by Brown" in his final table, it is found 
that they do not agree. The reason is not far to seek. Brown 
determined his boiling-point curve, not by measurement of the 
boiling-temperature of solutions of known concentration, but 
from the composition of the vapor he calculated the composition 
of the solution remaining in the flask, and gave this boiling-point 
as being for thisconcentration. Any error in the vapor analysis 
would at once show itself in the boiling-point curve. If his 





Brown. Ibid, 35, 561 (1879). 
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method were perfectly reliable, if at any time he could determine 
accurately the composition and amount of the vapor condensed, 
his boiling-points should be perfectly accurate and agree with 
each other. That this is the case cannot be said. 

In the following table there are collected the data given in 
Brown’s tables numbered II, V, VIII, XI, XII and XVII, no 
essential ones being omitted. In the first column is given the 
molecular percentage of carbon bisulfide in the solution, this 
being determined as above stated. In the second column is 
given the boiling-point corresponding to this composition. The 
first measurement in each table represents the first distillation 
performed. 





TABLE IV 
¥%, CS, B Pt ¥, CS, B Pt ¥CS, “ BPt 
Table II p= 772 Table Vp = 763 || Table VIII P= 757 
ape soue ones ecee || 70.86 51.00 
61.95 52.5 | 61.76 52.0 61.81 52.90 
44.80 58.0 44.50 58.0 || Table XI f= 750 
eee sees | wee seer | 40.8 56.0 
38.60 60.0 38.80 60.0 | 38.64 59.0 
25.86 66.0 25.81 66.0 | 25.91 63.8 
cece coos |] cece ecce Table XIV p = 752 
19.59 70.0 | 18.96 70.0 18.33 66.2 
ceee vee | Table XVII eves eves 
eves coos |! 9.44 70.6 || 9.69 72.4 


Solutions having the compositions of 61.8 percent carbon 
bisulfide have given as their respective boiling-points, 52.5°, 
52.0° and 52.9°; with 38.6 percent of carbon bisulfide, the boil- 
ing-points are 60.0°, 60.0° and 59.0°; with 25.8 percent, 66.0°, 
66.0° and 63.8°; with 19 percent approximately, these boiling- 
points are 70.0°, 70.0° and 66.2°; with 9.44 and 9.69 percent 
the boiling-points are 70.6° and 72.4°. With the single excep- 
tion of the first case, it will be noted that the boiling-point of a 
solution made up in definite amounts is lower than that which 
would be calculated from the composition of the vapor. This 
must mean that the method which was used kept taking away 


a greater percentage of the more volatile component than actually 
exists in the vapor. 
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With the view of still further testing the agreement of the 
results obtained by distillation, the writer has rearranged those 
of Brown’s tables which are numbered I, IV, VII, X, XIV, and 
XVI. In the first column of Table V will be found the mean 
boiling-point at which distillation was effected; in the second is 
given the vapor composition expressed in molecular percentage 
of carbon bisulfide. From the mean boiling-points it is impos- 


TABLE V 


I II I II I II 
Mean Vapor Mean Vapor Mean Vapor 
BPt composition B Pt composition B Pt composition 

Table I Table LV | Table VII 
esee eevee eeees eeee 51.1 $8.27 
53-25 82.94 53.00 84.26 | 53.10 83.37 
54.50 81.24 54.50 82.45 rr oene 
57.00 75.36 57-25 76.24 | Table X 
59.00 70.26 59.00 72.48 59.3 68.35 
61.50 64.05 61.50 66.67 | 61.4 63.21 
64.50 56.44 64.50 59-14 64-3 55-46 
eres eee eee sees Table XVII 
ecce cece eoce coos 67.2 47.88 
68.00 45.76 68.00 49.56 68.57 43-55 
eee eeee eees sees 71.75 33-47 
ecee eoce eves ecce Table XVI 
eves evce eves eves 71.6 29.50 
72.50 30.56 72.50 33-85 73.2 24.36 
76.50 15.05 76.92 16.27 76.45 11.80 


sible by a consideration of this table to ascribe to the determina- 
tion of the vapor composition any great accuracy. Variations 
are present ranging from one-half to nine percent so that it is 
absolutely impossible to use the data obtained by Brown in proof 
of a thermodynamic formula.’ 

From the consideration of Table IV it follows tha: the 
curve showing vapor compositions (Brown’s results) is displaced 
toward the side of the more volatile component, and since it is 
in this direction that this curve departs from the one constructed 
from the data given in Table III, it is necessary to find where 
the error is present. 





‘ Compare Lehfeldt. Phil. Mag. [5] 40, 398 (1895). 
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The sources of probable error have been mentioned in the 
consideration of the discrepancies in the determinations for ace- 
tone and water. Of these the first one which will be considered 
is that due to the still-head. Very careful experiments were 
now made to see ifany other precaution in obtaining a distillate 
of constant composition were necessary beside that of maintain- 
ing a constant temperature in the still-head itself. It was found 
that the writer had overlooked possible condensation in the 
adapter which connects the still to the worm of the still-head. 
In the acetone-water distillation by the still-head method this 
adapter was very short, and of considerable diameter and was sur- 
rounded by asbestos. In the benzene carbon bisulfide distilla- 
tion, an adapter fifteen centimeters long was used, and it also was 
covered by asbestos. Nevertheless condensation occurred in it, 
and this rendered the method useless as a method of comparison. 

Since the results obtained by Brown when he used the still- 
head agreed with those he had previously determined by direct 
distillation, and since it has been demonstrated in Tables IV and 
V that these results do not agree very well with each other, it is 
necessary to obtain results by some other method if a just com- 
parison is to be made. Moreover there is the possibility that 
the benzene used by Brown may have contained thiophene, 
whose effect cannot be stated. 

For this purpose a one litre balloon flask was fitted with a 
cork through which passed a thermometer and a tube leading to 
a Liebig condenser. The neck of this tube was heated up to 
and beyond the bend by an electric coil, which was again sur- 
rounded by asbestos. This prevents all condensation of the 
vapor before it passes into the condensing tube. From this 
condenser it flows into a receiver which holds about 35 ce and 
from which it could be drawn off by means of a stop-cock. 
This receiver has attached to it a glass arm which allows of 
communication with the air outside by means of a small open- 
ing at the side. In this way one is sure that if the distillation 
be carried on moderately, the condensation should be almost per- 
fect, but it is very doubtful if complete condensation were 
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attained. The observations necessary are initial and final boil- 
ing-points of the solution which is being distilled, boiling-point 
of the distillate and the corresponding barometric pressures. 

In Table VI are given the results obtained with carbon 
bisulfide and benzene; in column I the initial and final boiling- 
points, in II the mean of these readings. Column III contains the 
boiling-point of the distillate, and IV the corresponding pressures. 





TABLE VI 
I II III IV I II III IV 
Boiling- Boiling- 
points Mean B Pt points Mean BPt 

Initial Final B Pt vapor Bar Initial Final BPt vapor Bar 
48.1-48.5 | 48.3 | 47-25 737-9 || 64.1-64.9 | 64.5 | 55.85 | 751.8 
48.5-49-0 48.75 | 47-30 736.8 || 64.9-65.7 | 65.3 | 56.55 | 751-7 
49.0-50.1 | 49.55 | 47-55 . 736-3 || 65.7-66.5 | 66.1 | 57.50 | 751-7 
50.1-50.7 | 50.4 | 48.00 732.0 || 66.5-67.6 | 67.05 | 58.10 | 751.7 
51.1-51.8 51.45 | 48.30) 735.5 | 67.6-68.6| 68.1 | 59.35 751-5 
§1.8-52.6 52.2 | 48.96 735.1 | 68.7-69.8| 69.25 | 59.31 | 743-8 
52.6-53.7 | 53-15 | 49.42! 735.6 || 69.8-71.0! 70.4 | 60.52 | 743.7 
53-7-55-6 | 54.65 | 49.80 735.7 || 71-0-72.2 | 71.6 | 62.75 | 743-5 
55-6-58.5 | 57.05 | 50.80 735.8 || 72.2-73.5 | 72.85 | 64.62 | 743.4 
58.8-59.1 | 58.85 | 52.05 | 751.6 || 73.8-75.0| 74.4 | 66.71 | 743.2 
59-1-59.6 | 59.35 | 52.65 | 751.6 || 73.0-75.9| 75-45 | 68.58 | 743.0 
59.6-60.1 | 59.85 53.04 | 751.5 | 76.3-77.0) 76.35 | 71.60) 742.8 
60. 1-60.49 | 60.5 3-41 751-4 | 77.0-77-8 | 77-4 | 74.58 | 742.6 
60.9-61.7 | 61.3. 53-55 751-4 | 77-8-78.4| 78.1 | 75.55, 742-5 
61.7-62.6 | 62.15 | 54.08 | 751.4 | 78.4-78.9 | 78.65 | 77.42 | 742.3 
62.6-63.4 | 63.0 | 54.621 751.5 | 


When the results given in the table are plotted and com- 
pared with those of Table III,it is seen that the two methods do 
not give concordant results. If one assumes that the distillation 
method used in the comparison gives results which are approxi- 
mately correct — which assumption appears very reasonable — 
it is certain that the other method is not accurate. But the 
variations are again in the same direction as before —the boil- 
ing-points of the vapor as determined by this especial apparatus 
are all of them too high. As it has been shown previously that 
this could not be due to radiation, it must mean that not all of 
the more volatile component is returned to the tube B. If the 
condensed vapor flowing back into the flask comes into contact 
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with the ascending vapor of which the temperature is consider- 
ably higher, it seems not unreasonable to suppose that the 
ascending vapor might take along with it from this liquid some 
of the more volatile component so that the liquid which actually 
drops into the bulb B has not the actual composition of the 
vapor. Moreover it seems not impossible that, if the heating be 
performed regularly, the boiling-point of this returned liquid 
might remain perfectly constant. 

In order to examine this possibility the writer has altered 
the form of the condensing tube. In place of having the vapor 
sweep continuously along a considerable length of the condensing 
tube which is wetted by the returning liquid, the vapor enters 
this tube through a hole near the cork. The actual condensa- 
tion takes place as close as possible to the flask which contains 
the boiling solution. The returning vapor drops to the lower 
part of the condensing tube which is drawn out to a point, and 
from this it falls into the bulb B. In Fig. 1 is shown the 
apparatus in the form finally used. 

The following table gives in column I the boiling-point of 
the solution in the outer flask ; in column II the corresponding 
boiling-point of the condensed vapor in tube B; in column III 
the pressures at which these measurements were taken. 








TABLE VII 
I II Ill I II III 
B Pt solu- B Pt solu- 

tion B Pt vapor Bar tion B Pt vapor Bar 
50.70 48.25 739-5 64.80 56.14 739.6 
52.46 49.04 | 739-4 65.38 56.74 739-7 
56.15 59-52 | 739-4 66.60 | 57-75 739-7 
58.91 52.01 | 739.4 66.70 57.80 739.6 
61.20 52.82 | 730.2 || 67.33 58.68 739.6 
62.28 53-91 | 729.8 || 68.58 59.81 739.6 
63.19 54.26 | 729.4 | 70. 30 61.28 739.5 
63.48 | 54.70 | 729.1 | 71.30 62.55 739-4 
64.02 | 55-48 | 739-7 73-90 66.51 739-4 
64.24 | 55.68 739-7 76.00 70.52 739-3 
64.30 | 55-76 | 739.7 | 


When the results given in Table VII are plotted and com- 
pared with those given by the distillation method (Table VI) it 
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will be found that the curves of vapor composition coincide very 
well. In Fig. 3' the determinations given in Table VI are repre- 
sented by a dot, while those of Table VII are represented by a 
cross. The variations of the former from the probable curve 
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‘ No attempt has been made to correct for the varying pressures, so that 
the curves are really only approximations. 
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seem to be greater than those of the latter, and are undoubtedly 
due to the loss of carbon bisulfide in the distillation, although 
considerable care was taken to avoid this almost certain source 
of error by keeping the condenser at about 3°. Moreover, the 
fact that the boiling-points as determined by the returned-vapor 
method lie /ower than those found by the distillation method 
gives a strong support to this conclusion. 

The fair agreement between the results as given by the two 
different methods shows that at least one source of error in the 
original apparatus has been detected and almost entirely over- 
come. While it is apparent that absolute accuracy (in this 
instance the error is probably not greater than + I percent) may 
hardly be attained owing to the action of the ascending vapors 
on the descending liquid, still the results prove the method as 
reliable, in this case at least, as the method of distillation. In 
the latter it is necessary to determine the meav boiling-point of 
a solution which gives off a certain amount of distillate for 
analysis. Moreover the pressure variations have to be regarded 
in a very careful way and this in actual work complicates the 
experiment to a considerable extent. In the method described 
in this paper both boiling-points are determined simultaneously 
under the same pressure, and the rapidity of the operation is 
such that a complete determination of the vapor-solution curve 
may be readily carried out in one day. 

Of course if one wishes to work under pressures different 
from atmospheric, the apparatus will require modification. Here 
the necessity of excluding all possibility of leakage will require 
that the part of the inner tube which passes through the cork 
shall be immovable. It would then be necessary to have the 
tube made of two parts, the lower being capable of adjustment 
from without. This may possibly be effected by fitting per- 
manently into the inner tube a piece of steel which being acted 
on by a magnet from without can allow of the lower portion B 
being raised or lowered at will. In such cases as this, it may be 
questionable whether this method is as rapid as the ordinary 
distillation method. 
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If the application of this method of vapor analysis were 
confined to two-component systems where both components are 
volatile, it would appear as if the field where it might be used 
was very limited; but such is not the case. The composition 
of the vapor phase in equilibrium with any solution containing 
two volatile and any number of non-volatile components may be 
readily examined by this method. Systems of this kind have 
of late been made a subject of study by Millert who has shown 
by use of the Gibbs energy theory the intimate connection exist- 
ing between solubility and partial vapor-pressures. When the 
bearing of the demonstration given by Miller — that it is always 
possible by a correct choice of the third (non-volatile) component 
to change the relative partial pressures of the two volatile com- 
ponents and hence render their separation by fractional distilla- 
tion more easy —is fully appreciated, the work of the organic 
technical chemist will be performed on a far more intelligent 
basis. For instance, in the case of acetone and water, it is 
apparent from the relation deduced by Miller that the addition 
of sodium chlorid or any other non-volatile substance more 
soluble in water than in acetone will displace the curve of vapor 
composition more to the acetone side. So also in all cases where 
maxima or minima boiling-points occur, that is in all cases where 
complete fractional separation of the components by the usual 
operations is impossible, the displacement of the relation between 
the partial pressures of the two volatile components may prob- 
ably be readily effected by the choice of a third whose solubil- 
ities in the two volatile components is widely different. In any 
of these cases the comparative value of the different salts in 
changing the partial pressures may be easily tested by the use 
of the apparatus described in this paper. 

The relation of the curves representing vapor and solution 
phases under varying pressure has not, so far as the writer is 
aware, been made the subject of an experimental study, with the 
exception of one isolated case. In this case Brown’ studied the 
relative composition of vapor and solution phases under the 





' Jour. Phys. Chem. 1, 633 (1897). 
? Jour. Chem. Soc. 39, 304 (1881 ). 
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pressures of 760 mm and 430 mm and came to the conclusion 
that the pressure term does not appear as a factor in the equilib- 
rium. When his results are plotted in the manner used in this 
paper, it seems as if the relative positions of the curves were dis- 
placed in such a way that decrease of pressure caused the vapor 
and solution curves to approach each other; but the lack of 
experimental data prevents the drawing of definite conclusions 
on this point. The subject is of importance since it deals with 
the question whether the effectiveness of a fractional distillation 
attains its maximum under increased or under reduced pressure. 

If the vapor composition be accurately determined one may 
readily calculate the partial pressures of the several components 
if the assumptions be made that Henry’s law holds and that 
each component exists in the vapor in its normal state. From 
the partial pressures, especially those for dilute solutions, the 
molecular weight of the dissolved substance may be calculated 
from the van’t Hoff-Raoult formula. It is expected that the 
calculation of these pressures and the comparison of other rela- 
tions may form the basis for a subsequent paper when measure- 
ments on the vapor-pressures of acetone-water mixtures shall 
have been completed. 

In the present paper has been given: 

1. The description and preliminary tests of an apparatus for 
rapid vapor analysis. 

2. Its advantages and probable errors. 

3. The objections which are to be raised against the employ- 
ment of the Beckmann boiling-point apparatus when both com- 
ponents are volatile. 

4. A new method of determining the purity of an organic 
compound by means of boiling-point comparisons. 

5. Comments on the maximum effectiveness of fractional 
distillation. 

6. The advantages and a possible errorin the use of Brown’s 
constant temperature still-head. 

To Professor Bancroft at whose suggestions and under 
whose direction this subject has been examined, the writer 
expresses his thanks. 


Cornell University 











ON MAXWELL’S THEOREM 


BY PAUL SAUREL 


The object of the present note is to give a demonstration of 
the theorem that the sum of the areas included between the 
actual and the theoretical isotherms is equal to zero, provided 
the areas above the actual isotherm are reckoned positive and 
those below negative. Originally, the theorem referred to the 
isotherms of a substance containing a single component, but it 
has been extended by Bliimcke’ to the isotherms of a substance 
containing two or more components, and a demonstration of the 
generalized theorem has recently been given by Duhem. 

Consider a heterogeneous mass M, consisting of 2 compo- 
nents of masses MW, M,, ..., M,, and existing in the form of r 
homogeneous phases. If we denote the energy, entropy, volume, 
temperature, pressure, and masses of the components, of the 7th 
phase, by E;, H;, Vi, 4, i May --.» Mi (so that M,; denotes the 
mass of the 7-th component in the z-th phase), we shall have the 
relation? 


dE, = td, — padV; + rid Mi, + Aw@Ma + +++ + 2AM. (1) 


In order that the various phases should coexist it is necessary? 
that 








An SE Ag HE son SR = A, 





'Blimcke. Zeit. phys. Chem. 6, 153 (1890). 
* Gibbs. On the Equilibrium of Heterogeneous Substances, p. 116. 
° Gibbs. Ibid. p. 119. 
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Taking the sum of the x equations of the form (1), and writing 


Ee-— 2E, H=2H, V=z2V 

A, = 2M, WM, = =M,, -«-, 
we shall have, for the whole mass, 

dE = dH — pdV + raM, + r,dM, +... + raM,. (2) 


Moreover, as the energy is a homogeneous function of the first 
degree of the entropy, volume, and masses of the components, 
we have 


E ates 7H — pv + AM, + AM, + eee + AE... (3) 
If we write 
_E — eee. iy MM, - Mt, _ Mm, 
ae eee ae a ee ae 


equations (2) and (3) become 
Mde +- edM = M (tdn—fdv +- r,dc, +-r,dc, + ++-+2,de,) 
+ (% — put+ Ao, +A + +--+ + AG, dM, 
e= ty — pu +e, + het 00 + Ake 
and consequently 
de = tdn — pdv + X,dc, + r,dc, + «+. +A,de,,. (4) 


This equation connects the changes in the average energy, en- 
tropy, volume and concentrations during any actual change in 
the system. 

On the other hand, if we denote the energy, entropy, volume, 
temperature, pressure, and masses of the components, of the unit 
of mass of the zth phase, by €;, 9, 2 ti, Diy Miry Miay «+ +) Miny the 
reasoning which served to establish equation (1) will also serve 
to establish the equation 


de, — tidn; ae par, + pdm, + udm, + tin + Mi,Am,,,. (5) 


e, is thus a function of ,, 7, %#j,, Mi) .- +, Min} and we shall as- 
sume that the functions obtained in this manner for the various 
phases are not distinct functions but are parts of one and the 
same uniform analytical function. If, then, the system under- 
goes a transformation by which it passes from one homogeneous 
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phase to a second homogeneous phase, we may calculate the 
change in the energy either by equation (4) or by equation (5). 
If, in particular, we suppose the transformation to take place at 
constant temperature and with constant concentrations, we shall 
have from equation (4), 


€, —€, =4(9, —7,) — | pdr, 
and from equation (5) 
2 
€, — €, = #(”, = ,) — | pav,. 
A comparison of these equations yields 
| pdv | pad; ; 


and since f and v are the pressure and volume along the actual 
isotherm, and /, and v; are the pressure and volume along the 
theoretical isotherm, the theorem is demonstrated. 


Bordeaux, January 23, 1899 
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TERNARY MIXTURES, IV 


BY WILDER D. BANCROFT 


Practically the only extended study of conjugate solutions 
is that made by Wright, alone and in collaboration with others.’ 
This work consisted in a determination of isotherms for systems 
composed of two partially miscible metals and a third metal con- 
solute with each of the others. It is easy to pick flaws in the 
experimental work. Wright, himself, has pointed out its short- 
comings with great clearness and his statement is recapitulated 
here solely to show that the conclusions to be deduced in this 
paper from that work cannot be accepted as final until the meas- 
urements have been repeated under more favorable circumstances. 
The metals used were not always pure, the aluminum contain- 
ing over four percent of iron and silicon.? These impurities 
were allowed for in the analyses so that the tabulated data give 
the gram percentages of each of the three metals forming the 
ternary mixture ; but we are not able in any way to foretell the 
effect of the impurities upon the distribution ratios. The tem- 
peratures were not constant during the experiments, fluctuations of 
one hundred degrees not being excluded. From some experi- 
ments that were made it appears that the error due to the actual 
temperature difference between .two measurements was probably 
not so serious as those due to changes of temperature in a single 
experiment, the convection currents thus generated preventing the 
reaching of equilibrium. The most serious source of error, how- 
ever, occurred in the method adopted for separating the two 
phases. The two liquid layers were not drawn off at the tem- 
perature of the experiment and then analyzed. Instead of this, 


' Wright and Thompson. Proc. Roy. Soc. 45, 461 (1889) ; 48, 25 (1890); 
49, 156 (1891) ; Wright, Thompson and Leon. Ibid. 49, 174 (1891); Wright. 
Ibid. 50, 372 (1891) ; 52, 11 (1892) ; §2, 530 (1893) ; 55, 130 (1894). 

2 Wright. Ibid. 52, 12 (1892). 
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the whole mass was cooled as rapidly as possible, the upper and 
lower portions of the ingot being then analyzed. When one re- 
calls the difficulties to be overcome in making a homogeneous 
casting with only two metals, one can easily see that this method 
of analysis can be justified only on the ground taken by Wright— 
that he could find no better method. Asa matter of fact, at- 
tempts to draw off the molten solutions proved unsatisfactory.’ 
That the method of rapid cooling cannot give accurate results is 
shown by two facts. We know from the phase rule that all 
mixtures corresponding to points on a given tie-line must sepa- 
rate into the same two liquid phases provided the system is al- 
lowed to reach equilibrium. This was apparently not the case 
in the experiments of Wright and Thompson.? The second 
point is that with mixtures that did not separate into two liquid 
phases and which should therefore have been homogeneous, 
differences in composition between the upper and the lower por- 
tions of the ingot were found, amounting in one case to over two 
percent. 

In view of the numerous sources of error it is not surpris- 
ing to find that increasing the amount of the consolute metal 
does not always produce an increase in the solubility of the par- 
tially miscible metals. Instead of this there are annoying fluc- 
tuations which, though evidently due to experimental error, are 
still sufficient to make the application of the mass law formulas 
to the isotherm an extremely unsatisfactory proceeding. On the 
other hand these variations produce relatively less effect on the 
distribution ratio. For this reason I shall limit myself, in this 
paper, toa discussion of the equilibrium between the solution 
phases. It has been shown‘ that, for two non-miscible liquids, 
A and B, and a third, C, consolute with the other two, the dis- 
tribution of the third liquid between the other two can nor- 
mally be represented by the formula 

(=)* + 5 = constant. 





' Wright and Thompson. Proc. Roy. Soc. 4§, 470 (1889). 
* Ibid. 49, 192 ( 1891). 

’ Wright and Thompson. Ibid. 45, 463 (1889). 

*S. F. Taylor. Jour. Phys. Chem. 1, 471 (1897). 
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In this equation C, and C, refer to the amounts of the consolute 
liquid in the two phases while A, is the amount of the compo- 
nent A inthe phase in which it is the solvent and B, is the 
amount of the component B in the phase in which it is solvent, 
these amounts being expressed in any units whatsoever. The 
exponential factor # is not necessarily an integer. So far, no 
hypothesis has yet been advanced enabling us to predict the 
value of this exponential factor in any one case. If the loga- 
rithm of C/A, be measured along one axis and the logarithm of 
C_/B, along the other, the resulting curve is a straight line pro- 
vided the above equation describes the facts. This graphical 
method is the easiest and quickest method of determining 
whether or not a given set of data conforms to the mass law, 
and the direct measurement of the pitch of the curve is by far 
the simplest method of getting at the value of the exponential 
factor. 

The data of Wright and Thompson are reproduced graph- 
ically in Fig. 1. The coordinates are the logarithms of the con- 
centrations, these latter being expressed in grams of the conso- 
lute metal per gram of the solvent metal. In order to prevent 
overlapping, the origin is ina different place for each curve ; 
but the scale is the same for all, each division being equal to o.2. 
The curves are so labelled that the middle metal is the consolute 
one. The concentrations of the consolute metal in the first 
metal are measured along the ordinates and the concentrations 
in the last metal of the three along the abscissas. Curves are 
given for lead, silver and zinc’; bismuth, tin and zinc’; zinc, 
cadmium and bismuth?; cadmium, tin and aluminum‘; alumi- 
num, tin and bismuth’; aluminum, silver and lead®; aluminum, 
silver and bismuth’; aluminum, tin and lead*®; zinc, silver and 


' Proc. Roy Soc. 50, 391 (1891). 
® Ibid. 50, 388 (1891). 

3 Thid. 52, 536 (1892). 

* Ibid. 55, 132 (1894). 

>» Ibid. 52, 19 (1892). 

® Ibid. 52, 22 (1892). 

7 Ibid. 52, 24 (1892). 

* Ibid. 52, 16 (1892)° 
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bismuth.’ It must be remembered in considering this diagram 





Fig. 1 


that a very slight error causes a large displacement at the lower 
ends of the curves. For instance an error of less than one-half 
of one percent would make the aluminum, silver and lead curve 
a straight line. It is evident at once that all these systems are 
normal though there are some curious variations to which atten- 
tion must be called. With lead, silver and tin and with alumi- 
num, tin and bismuth, the curves sweep out and back just before 
the crest-point? is reached. It is probable that from such disturb- 
ances conclusions might be drawn as to the relative positions 
of the boundary curves ; but I have not yet succeeded in getting 
any satisfactory results in this way. The sudden apparent 
change of direction at the upper end of the aluminum, tin and 
lead curve is quite unintelligible. 

The same data are tabulated in Tables I-XII. The figures 
are given for only two of the metals in each phase, for the sol- 
vent metal and the consolute metal. Since the values given are 
grams per hundred grams of the alloy the amounts of. the third 
metal can readily be determined by subtraction. The subscripts 
one and two refer to the denser and the less dense phase respect- 
ively. Inthe sixth column are the values of the constant as 
calculated from the formula at the head of each table. No cor- 











' Proc. Roy. Soc. §0, 393 (1891). 
? Snell. Jour. Phys. Chem. 2, 470 (1898). 
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rections have been made for the partial miscibility of the two 
hypothetically non-miscible metals even though bismuth is sol- 
uble up to fifteen percent or thereabouts in zinc. No formulas 
are given in the last three tables because it was evident that the 
data were so abnormal that it was useless to try to apply the 
theory. The bracketed figures are the data for the crest-points. 
They were not observed directly ; but were obtained by extrapo- 
lation. 
TABLE [ 


(35) o (= _K 
Bi, F Zn, Z 


Temperature about 650° 











Sn, Bi, Sn, Zn, Sn,/Sn, K 

0.00 85.72 0.00 97.68 

3.23 80.27 1.98 94.57 1.63 5.05 

6.35 75.82 3-97 g1.82 1.60 4.25 
10.38 70.52 6.35 | 88.12 1.63 3-94 
13.53 66.33 7-95 85.54 1.70 3:97 
19.09 51.35 11.19 80.13 1.71 4.33 
20.80 46.01 12.72 77-56 1.64 4.33 
20.44 2.43 12.98 77.32 1.57 4.48 
21.89 30. 33 17.25 70.83 1.2 4.21 
22.37 25.94 19.16 7.80 1.17 4.19 
[21.5 18.5 21.5 60.0 } 1.00 4.20 

TABLE II 
(8) a (##+) _xK 
Zn, ; Pb, } 
Temperature 750 -850° 

Ag, Pb, Ag, Zn, Ag,/Ag, K 

1.25 96.69 38.91 57-97 31.1 34.8 

1.54 g6.28 40.89 55-73 26.6 36.0 

1.71 96.43 45.01 51.62 26.3 44.0 

2.39 95-78 47.68 48.58 20.0 38.8 

4.158 94.43 52.80 43.11 12.7 28.1 

5-55 93.16 54.93 40.86 9.9 28.8 
10.22 88.02 60.14 | 30.86 5.9 28.6 
12.62 $5.38 63.70 25.00 5.1 36.2 
15.69 81.88 65.34 20.79 4.2 40.9 
17-43 80.15 65.94 1G.27 3.8 42.1 
17.65 79.78 67.03 16.49 3.8 44.8 
19.51 78.54 63.79 13.92 2,2 61.2 
29.53 68.03 60.35 | 11.23 o.8 47.8 
29.90 67.21 59.32 | 11.53 | 2.0 38.1 
[45.5 48.2 > oe 6.3 ] | 10 | 32.6 
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TABLE III 
Cd, \ (oe 0.96 
(a) + (a) = 
Temperature about 600° 
Cd, Bi, Cd, Zn, Cd,/Cd, K 
0.00 85.52 0.00 97.68 7 ran 
6.98 78.84 3:97 g2.g1 1.85 1.92 
14.27 71.34 9.80 85.74 1.46 1.64 
21.19 64.38 14.37 80.09 | 1.48 1.71 
28.24 56.75 18.04 75:94 | 1.57 1.98 
33.67 50.34 24.48 69.18 | 1.37 1.81 
38.06 46.02 29.32 63.78 1.30 1.74 
46.20 37.08 37-42 55-57 1.24 1.82 
53.88 24.93 46.73 44.20 1.15 1.62 
54.48 21.21 | 49.73 37-97 1.09 1.96 
53-08 21.55 | 50.93 33.82 1.04 1.66 
[52.0 | 19.5 | 52.0 28.5 ] 1.00 1.50 
TABLE IV 
Sn, \og2 . Sn, __ =» 
(cd) + (Cat:) = * 
Temperature 700°-750° 
Sn, Cd, Sn, Al, Sn, Sn, K 
0.00 | 99.78 0.00 96.61 
4-75 | 94.84 2.75 | 92.80 1.73 2.15 
14.78 84.70 9.98 | 85.09 1.48 1.71 
35.48 61.49 22.28 ! 71.94 1.61 1.97 
53-15 40.79 27.88 66.04 1.91 3.02 
57.28 34 26 37-07 54-75 | 1-55 2.37 
59.18 59.97 43-17 46.18 | 1.37 2.14 



































Sn, Bi, 
0.00 99.72 
2.79 96.64 
By 93-58 
12.26 86.03 
21.02 76.90 
31.37 65.19 
49.7 54-37 
46.13 47.60 
50.09 41.64 
54.22 35.82 
59.91 39-73 
57-61 27.10 
58.17 24.01 
57.23 23.20 
[55.75 18.60 

Ag, Pb, 
0.00 99.93 
0.30 99.61 
0.61 99.24 
0.80 99.01 
1.13 98.59 
1.31 98.40 
1.74 98.10 
2.32 97-47 
3.16 96.53 
5.19 94.61 
6.69 93.18 
7-87 91.99 
11.75 $8.14 
20.99 78.87 
28.15 71.55 
32.82 66.77 
36.40 62.85 
49-73 58.31 
[58.25 40.00 
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TABLE V 

Sn, : fn, \ts 

(at) + (Gt)"* = 

Temperature 750°-850° 
Sn, Al, Sn,/Sn, K 
0.00 97.98 | 
2.45 95.15 1.14 1.35 
4.90 92.35 1.14 1.30 
9.43 87.51 1.30 1.47 
17.56 78.94 1.20 1.33 
26.40 68.33 1.19 1.31 
34.18 58.83 1.19 1.33 
35.63 56.28 1.29 1.56 
38.12 53.51 1.32 ‘72 
42.80 48.11 1.27 1.71 
42.97 47-54 1.32 2.06 
45.76 44.71 1.26 2.08 
49.48 37-44 1.18 1.34 
51.32 34.31 I.12 1.61 
55-75 25.65] —s_ 1.00 1.32 

TABLE VI 

Ag, \1.65 . Ag,\ __ 

(a) + (e,) = 

Temperature 830°—g00° 
Ag, Al, Al,/Al, K 
0.00 | 938.09 
15.05 | 83.35 | 50.2 20 
31.98 | 66.05 | 51.3 49 
43-15 | 54.58 54.0 84 
53.85 44.03 47.8 122 
58.43 39-69 44.7 142 
66.40 31.50 38.1 193 
71.07 26.10 29.3 | 220 
75-33 22.04 23.8 | 232 
80.37 16.78 15.1 242 
84.34 12.38 12.6 330 
84.63 11.54 10.8 313 
84.91 9.69 7.2 270 
83.10 | 7.17 4.0 215 
81.17 5.36 2.9 225 
77-64 4.61 | 2.4 215 
74.65 3.70 $.3 246 
72.88 3.36 1.8 232 
58.25 1.75] | 1.0 223 
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TABLE VII 


= : (== 
(3 io Bi, == 


Temperature 700-800 





Ag, Bi, Ag, Zn, Ag, Ag, K a 
5.08 79.28 37.06 57.60 7.4 4.9 <4 
6.84 77-24 38.80 55-27 5.8 3.0 
7.58 78.58 43.16 48.85 5-7 65 
8.98 77-99 46.31 45.02 5.1 9.7 

14.9 76.19 47-94 | 42.01 3.8 10.0 

18.68 68.97 49.92 | 37.66 2.7 10 8 

22.96 62.72 St.44 | 44.32 2.2 12.4 

29 26 53.10 51.16 | 31.63 1.8 11.3 

37-33 3-27 49.73 27.49 £3 11.1 

41.22 38.52 47.15 24.09 1.14 11.9 

43-74 33.82 45.25 22.64 1.04 10.7 

[44.63 33.12 44.63 22.25] 1.00 10.5 


Table VIII 


‘( Ag, \143 Ag, > 
( at) ( Bi, / ™ = 


Temperature 830°-g00° 








Ag, Bi, Ag, Al, Ag, /Ag, K 
0.00 | 99.72 0.00 97-98 
0.74 | 98.39 | 12.30 85.04 16.6 8.4 
1.59 | 97.43 24.20 72.33 15.2 8.1 
1.95 97-31 33-95 62.55 17.4 20.8 
2.01 97.49 | 51.80 44.81 25.8 61.1 
4.81 94.72 68.63 27.43 14. 75.0 
11.51 88.09 81.29 14.00 : 75-3 
21.56 77-72 83.75 9.80 3.8 77.6 
25.41 74.07 83.88 8.14 4.3 81.8 
31.05 68.28 82.60 7.44 3.0 83.6 
40.92 57-97 75-64 5-66 1.8 37-7 
48.53 49.62 68.16 3.34 1.4 76.4 - 
[58.25 39.50 58.25 2.25] 1.0 71.8 
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TABLE IX 
Sn, ‘ Sn, \ 1.85 " 
( Pb, ) , ( a) * 
Temperature 750 -850° 
Sn, Pb, Sn, Al, Sn, Sn, kK 
“iy 0.00 99-93 0.00 98.09 
> 4.60 95-33 6.25 g1.89 1.36 6.97 
11.17 88.77 14.50 83.17 1.30 3.19 
12.51 87.43 20.26 77-52 1.62 1.71 
14.01 85.75 24.50 | 72.95 1.75 1.23 
15.97 83.61 27.00 70.01 1.69 1.11 
18.25 81.42 27.47 69.64 1.51 1.25 
$2.13 78.40 28.98 67.63 £27 1.32 
25.10 74.17 31.83 64.79 1.27 1.25 
33.64 65.35 | 39-37 55.61 1.17 0.98 
45.41 51.89 45.34 49.08 1.00 1.02 
55.16 39-73 48.11 46.11 0.87 1.29 
61.52 29.14 52.27 40.57 0.85 38 
64.21 24.52 54.62 36.00 0.83 1.21 
65.07 23.06 59.14 25.86 0.gI 0.60 
63.92 21.78 60.27 22.69 0.94 0.48 
[62.6 19.4 62.6 18.0 ] 1.00 0.32 
=u 
7 TABLE X 
Temperature about 650° 
Sn, Pb, Sn, Zn, Sn, Sn, 
0.00 98.76 0.00 98.86 
4-45 93-79 6.64 99.75 1.49 
6.94 gl.o1 9.91 86.71 1.43 
9.60 87.91 13.47 82.18 1.40 
12.60 83.74 16.68 78.48 1.32 
14.76 81.02 19.27 75.36 1.31 
16.11 79.16 20.35 73-51 1.27 
18.71 75.67 | 22.51 70.04 1.20 
21.95 70.48 25.07 66.72 1.14 
26.28 60.48 27.49 62.33 1.04 
ate 29.43 53-81 28.64 59.94 0.97 
31.63 48.64 29.58 57-87 0.94 
33.88 43.76 30.33 56.25 0.90 
35-03 39.59 30.24 55-33 0.87 
35-65 29.10 32.85 48.51 0.92 
[35.0 22.5 35.0 42.5 ] 1.00 
i 
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TABLE XI 


Temperature 550°-650° 





Cd, Pb, Cd, Zn, Cd,/Cd, 
0.00 | 98.76 0.00 98.86 | 
5.17 92.85 10.12 88.34 | 1.9I 
13-45 83.89 24.91 | 72.65 1.85 
17.57 80.18 | 31.48 | 65.67 1.79 
19.14 78.73 36.50 ~ | 60.01 I.gI 
21.44 76.34 46.42 47.62 2.17 
22.68 75.13 55-72 34.12 2.46 
22.23 76.32 59.20 | 27.36 2.66 
22.37 76.31 70.78 11.05 3.17 
23.70 74.85 72.76 | 8.44 3-07 
33.80 64.35 72.06 6.72 2.13 
46.93 50.82 69.50 4.64 1.48 
59.30 47-45 67.67 4.04 1.34 
[60.6 36.5 , 60.6 | 2.9 | 1.00 


TABLE XII 


Temperature 600°-700 


° 





Sb, Pb, Sb, Zn, Sb,/Sb, 

0.00 48.79 0.00 98.86 | 

2.69 93.87 4.60 93.13 1.71 

7.11 | 87.02 11.41 | 81.06 | 1.60 

8.37 85.22 16.75 69.73 2.00 

9.77 80.81 | 22.33 60.21 2.29 
15.45 67.17 26.68 48.98 1.73 
21.00 | 53.65 7.11 43-34 | 1.29 
[26.5 38.1 | 26.5 35-4) | 1.00 


Nernst’s distribution law was deduced under the explicit 
proviso that there is no passage of either non-miscible liquid 
into the other phase on addition of the third component. 
This condition is not satisfied in any of these systems. 
Since the distribution ratio at the crest-point must be unity, it 
is obvious that the ratio can remain constant only in case the 
ratio at infinite dilution is also unity—a condition which is rarely 
fulfilled. From this it follows that when the third substance is 
a liquid no really accurate conclusion as to its reacting weight 
can be drawn from a study of the distribution ratio—in the pres- 
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ent state of our knowledge. In spite of these facts, the distribu- 
tion ratio does remain remarkably constant in a number of cases 
over a surprising range of concentrations. For this and other 
reasons I have calculated the distribution ratio for the twelve 
systems considered and have given the results in the fifth column 
of the tables. It seemed best to take the concentrations ex- 
pressed in grams per hundred grams of the phase because this 
was as near to volume concentrations as one could get and also 
because this gave better results than any other method availa- 
ble. To have expressed the concentrations in grams per hun- 
dred grams of the solvent metal would merely have made the 
results in the fifth column a bad imitation of those in the sixth, 
which certainly would not have helped the cause of science. 

Surprisingly good constants are obtained with tin in bis- 
muth and zine; with cadmium in zine and bismuth (Table III); 
with cadmium in tin and aluminum; with tin in aluminum and 
bismuth. With bismuth, tin and zine (Table I), the rate re- 
mains practically constant nntil there is over twenty percent of 
tin in the bismuth phase and thirteen percent in the zinc phase, 
the mean value being 1.63. With cadmium, tin and aluminum 
(Table IV), the ratio varies irregularly until there is fifty-seven 
percent of tin in the cadmium phase and thirty-seven percent in 
the aluminum phase. In this particular system the solvent 
action of the tin is very slight, there being less than nine per- 
cent of cadmium in the aluminum phase and an equally small 
quantity of aluminum in the cadmium phase in the conjugate 
solutions just cited. This, however, seems not to be an essential 
feature because the distribution ratio of tin in bismuth and 
aluminum (Table V) remains practically constant until there is 
fifty-seven percent of tin in the bismuth phase and fifty-one per- 
cent in the aluminum phase while, at the same point, there is 
nearly twenty percent of aluminum in the bismuth phase and 
about fourteen percent of bismuth in the aluminum phase. 

Very bad distribution ratios are obtained for silver in lead 
and zinc, in lead and aluminum, in bismuth and aluminum, and 
in bismuth and zinc (Table VII) if we consider any great range of 
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concentrations. For silver in lead and aluminum (Table VI) 
or bismuth and aluminum (Table VIII) the distribution ratio re- 
mains about constant for the first three concentrations and that 
is all. To bring silver in zinc and lead (Table IT) even approxi- 
mately into line would require the assumption of Ag, in zinc. 

With tin in lead and aluminum (Table IX) and in lead and 
zine (Table X), the distribution ratio changes its sign with 
increasing concentration, being first greater than unity, then less 
than unity, becoming unity again at the crest-point. It seems 
very probable that this is due to experimental error; but one 
cannot be certain of this until the experiments have been re- 
peated by someone, especially since the variation appears to lie 
completely outside any experimental error. For the present, 
therefore, it is a case of possibly inexact theory against possibly 
inaccurate measurements.' With cadmium (Table XI) or anti- 
mony (Table XII) in zine and lead we have the reverse phenom- 
enon of a sharp increase in the value of the distribution ratio, 
the value of course falling to unity at the crest-point. 

When the value of the distribution ratio remains constant, 
it is equal to the ratio of the solubilities provided the third sub- 
stance is a solid. When the third component is a liquid we 
have no way even of guessing at the value of the distribution 
ratio at infinite dilution unless we make use of the van't Hoff- 
Raoult formula 7 .V = log fp. No one would claim that this 
formula would hold accurately for extreme concentrations since 
it is limited explicitly to cases in which the component whose 
vapor-pressure does not enter into the formula may be treated as 
an ideal gas. On the other hand it was conceivable that the 
variations might be approximately the same for two different 
metals so that the ratios of the concentrations might remain con- 
stant. If this were the case the distribution ratio at infinite 
dilution would be equal to the inverse ratio of the reacting 
weights of the two non-miscible liquids. To see how far this 
might hold I have calculated these values and compared them 


' Such a variation does take place in certain systems where polymeriza- 
tion and dissociation are possible. Cf. Jakowkin. Zeit. phys. Chem. 18, 589 
( 1595). 
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with the distribution ratios as obtained from the most dilute 
solutions given in Tables I-XII. The results are tabulated in 
Table XIII, the values in parentheses being taken from data by 
Wright for systems in which the isotherm was obviously dis- 
torted by the separation of a compound on cooling. The ratios 
are given to the nearest tenth. 


TABLE XIII 


Pb Zn Bi Zn Pb Al Bi Al Cd Al 
Calculated 3.2 2 7.6 7.9 4.1 
Sn found 1.5 0.6 1.4 0.9 Bh 
Ag found 31.1 73 50.2 , 16.6 
Cd found 1.9 0.5 
Sb found 1.7 (0.3) (3-3) | (2.6) 


Although the ‘found’ values are not those at infinite dilution, I 
have convinced myself that extrapolation would not help matters 
any. On the other hand, experimental error may play a rela- 
tively large part since a small percentage error in the composi- 
tion of the phases would have a very large effect on the composi- 
tion of the phases. For this reason as well as for others already 
mentioned, it is very much to be desired that these systems 
should be studied again under the most favorable instead of 
under the least favorable circumstances. Taking the data as 
they stand, it is obvious that in no case do the ‘calculated’ 
values agree with those found by direct experiment. For the 
present, therefore, we have no method even of approximating 
the initial value of the distribution ratio when the third com- 
ponent is a liquid. I have laid what may seem to be undue 
stress on this point because it has been ignored with surprising 
consistency in the past." 

Ostwald’s position in regard to the matter is distinctly un- 
satisfactory. He first takes up the case where the third sub- 
stance is a solid and answers Berthelot’s claim that the distribu- 
tion coefficient for a saturated solution is not the same as the 
ratio of the solubilities in the following manner: “It is easy to 


' See, however, Tammann. Zeit. phys. Chem. 22, 481 (1897). 
? Lehrbuch, I, 811. 
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see, however, that as a matter of fact, the ratio of the solubilities 
and the distribution ratio must be identical. For let us imagine 
as much succinic acid added to a mixture of ether and water as 
this will dissolve, each of the two solutions will, after separation, 
be saturated with respect to succinic acid, and will at the same 
time be in equilibrium, since neither can take succinic acid from 
the other; the ratio of the two concentrations is therefore simul- 
taneously that of solubility and of distribution.’ This is open 
to criticism. Itis a fair answer to Berthelot; but is not quite a 
fair statement of the case because it ignores the fact that if two 
non-miscible liquids are saturated separately with a solid the 
solutions will not be in equilibrium (theoretically at any rate) if 
mixed. In the instance cited by Ostwald of ether, water and 
succinic acid, no reference is made to the fact that the ratio of 
ether to water in each of the phases cannot be the same after 
saturation with succinic acid as when no succinic acid is present. 
The difference may be very slight owing to the slight solvent 
action of succinic acid and its low solubility in water; but the 
fact that there is a change should not be ignored by anyone 
interested in exact theory. Ostwald then goes on: “ Berthelot 
makes a further argument intended to prove a prior the impos- 
sibility of such an identity. With bromin in water and carbon 
bisulfid the distribution coefficient has at each moment a finite 
value, while the solubility of bromin in carbon bisulfid and 
therefore the ratio of its solubility to the solubility in water is 
unlimited. This difficulty disappears if we give up the defini- 
tion of the distribution ratio, selected for convenience only, 
which refers this value to equal volumes of the solutions and 
substitute for it the more rational reference to equal quantities of 
the solvent. If one takes the distribution coefficient as the ratio 
of the amounts of the solute in equal quantities of the two sol- 
vents, then in the case that the dissolved substance is infinitely 
miscible with one of the solvents the distribution coefficient will 
also be infinite for a saturated solution, that is one containing 
an infinite amount of the dissolved substance.” This leaves the 
really important point untouched and is not strictly accurate in 
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the part that is taken up. If an infinite amount of bromin be 
added there will be only one solution and not two, because the 
solubility of water in bromin, though slight, is not zero. The 
important point, however, is the question why the distribution 
ratio of bromin in carbon bisulfid and water should have such a 
relatively low value for dilute solutions of bromin. In regard 
to this we have, as yet, no theory whatsoever, chiefly because no 
one has studied the application of Henry’s law to mixtures of 
liquids, nor the way in which the system passes from concentra- 
tions for which Henry’s law holds more or less accurately to 
concentrations for which the van’t Hoff-Raoult formula holds 
more or less accurately. 

The general results of this paper are: 

1. Within the limits of experimental error the formula 


(=) - (S) constant describes the equilibrium between 


conjugate solutions for a number of systems consisting of three 
metals. 

2. With the exception of cadmium or antimony in zine and 
lead the distribution ratio does not exceed two for any system 
not containing silver when the concentrations are expressed in 
grams per hundred grams of the two phases. 

3. The distribution ratio for dilute solutions stands in no 
obvious relation to the reacting weights of the partially miscible 
metals. 


Cornell University 











A DEMONSTRATION OF TWO THEOREMS OF 
ELECTROSTATICS 


BY PAUL SAUREL 


Denoting the electrical energy of a system of electrified 
points by W, we have 


Ww Vint 


od in 
— $ 2Vetu, 


Ym, Yn being the charges at the points m, 7; 7,,, the distance be- 


tween these points; and V,, the potential at the point m. 
From this, 


dW =32Vndgn +3 S9mdV m- (1) 


Consider the work ¢© done by the electrical forces during 
a small displacement. We shall have 


ET => EO dre 


aed nn 
=— Ditetds 
mg N90 NN n> Mn me 
ad mn —_ mn 

= —dW + BV ndgm- (2) 
By the aid of (1) , this becomes 

dG =adW —SandVm; (3) 
and by adding (2) and (3) we get 

dG =4EVndam —4Z9mdV m. (4) 


There are three cases of interest : 
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(1) @Vm=0; 
dG =dW. (Maxwell's Theorem) 


(2) a9gm = 0; 
dG =—aw. 


(3) dG =o; 
AW =TVndam = Vamd V m. 


Université de Bordeaux 











NEW BOOKS 


The Elements of PhysicalChemistry. Ay/.ZL.R. Morgan. First edition. 
13X19 cm; pp. viti and 299. New York: John Wiley and Sons, 1899. 
Price: cloth $2.00.—In the preface the author says: ‘‘The object of this 
book is to present the elements of the entire subject of Physical Chemistry in 
one volume, together with the important and but little known applications of it 
to the other branches of chemistry. Many persons have found it difficult to 
obtain a comprehensive outline of the subject, owing to the length of time which 
it has been necessary to spend upon the separate volumes devoted to special 
portions of it. To all such this volume may be of value. ... The arrangement 
as well as the scope of the volume is new, which I think makes the subject more 
logical and clear."’ 

The successive chapters are entitled : introductory remarks ; the gaseous state ; 
the liquid state ; the solid state ; solution ; the rdle of the ions in analytical chem- 
istry ; thermochemistry ; chemical change ( equilibrium, then reaction velocity ); 
phases ; electrochemistry (migration of the ions, conductivity of electrolytes, 
electromotive force, electrolysis and polarization), This classification does not 
differ materially from that adopted by Nernst. Thermochemistry is placed 
before the mass law (which however is referred to in the second chapter) and 
the section in Nernst’s book entitled ‘‘ atom and molecule’’ has been absorbed ; 
but otherwise there is not much change. The classification cannot be called 
a good one. Dissociating gases are a case of chemical equilibrium but they are 
discussed early in the book, long before the mass law has been taken up. The 
boiling-point and freezing-point methods involve thermochemical data and these 
latter are discussed two chapters later. The phase rule comes just before elec- 
trochemistry as in the first edition of Nernst’s Theoretische Chemie. The influ- 
ence of Nernst rather than of Ostwald is to be detected in the unfortunate prom- 
inence of kinetic theory throughout the volume. 

This classification is no worse than those in other text-books and has much 
the same faults. There is a curious disinclination on the part of physical chem- 
ists to recognize the fact that their science has grown. No one nowadays would 
jumble together qualitative and quantitative analysis, taking up the quantitative 
determinations of one group before the qualitative tests for the second, yet 
we pride ourselves on doing just that thing in physical chemistry. We are 
bound to come sooner or later to a division of the subject into qualitative and 
quantitative physical chemistry. The qualitative phenomena will then be 
classed where they belong under the phase rule and the theorem of Le Chatelier. 
The quantitative phenomena will be classed where they belong under the mass 
law and the theorem of van ’t Hoff. The reviewer has a classification for quan- 
titative physical chemistry which he has been testing for several years and which 
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he believes to have merits. The general arrangement is as follows. Non-elec- 
trolytes : mass law at constant temperature, thermochemistry, change of equilib- 
rium with the temperature. Electrolytes: mass law at constant temperature, 
thermochemistry, change of equilibrium with the temperature. Reaction velo- 
city at constant temperature and then with changing temperature in homogen- 
eous and inhomogeneous systems including diffusion, vaporization and crystal- 
lization. Miscellaneous, including surface tension, etc. Electrochemistry. 
This classification is open to the criticism that it separates things that might 
well come together; but it has the advantages that each step follows naturally 
and logically from the preceding ones and that at no point is it necessary to pre- 
suppose What comes later. For these reasons the reviewer believes this classifi- 
cation, though by no means perfect, to be better than those uf Ostwald, Nernst, 
van 't Hoff, Speyers, and Morgan. 

While the author is perfectly right in stating that there is a need for a work 
giving the general principles of physical chemistry in one volume, it seems as 
though he had gone to the other extreme and attempted too great condensation. 
It is very difficult to compress the whole subject into less than three hundred 
small pages without making the treatment superficial. That one is prepared 
for; but, in this particular volume, the errors of commission and of omission 
occur on almost every page. On p. 2 we read; ‘‘ Energy is the power of doing 
work which a body possesses by reason of its state.’’ On p. 6 we learn how to 
determine the atomic weight of lead when the atomic weight of oxygen is 
known ; but why this latter should be'16 is not discussed. When we get to p. 
15 we are told that ‘‘the atomic weight of hydrogen is assumed to be 1,’’ while 
on p. 16 we read: ‘‘In order to preserve the relation between the molecular 
weight and the density, it is customary to calculate the latter as based upon an 
ideal gas, the weight of which is 1/32 that of O. In this way we avoid actually 
using hydrogen as a standard in the experiment.’’ The development of the gas 
law on p. I2is not clear. On p. 17 the correction for the barometer refers to 
readings in millimeters and not in centimeters as the text implies. It is not 
correct to state, p. 25, that Avogadro’s law holds in all cases where there is no 
dissociation. The author contradicts this himself ten pages later. On p. 27 the 
reader would get the impression that changing from pressures to concentrations 
did not change the numerical value of the dissociation constant. 

On p. 55 is the sentence : ‘Should this. kinetic energy of the molecules be 
increased by heat, then the attraction will be overcome and the liquid goes into 
the gaseous state, i. e. it boils.’ Under surface tension, p. 65, there is no refer- 
ence to the question of a contact angle. 

Discussing Henry’s law, p. 76, the author says: ‘‘ The gas absorbed in this 
way is not to be considered as liquefied; its molecules simply become constit- 
uents of the liquid, just as those of the latter are constituents’. The calcula- 
tion of the molecular weights of non-miscible liquids from the vapor-pressures 
of the pure components cannot be applied, p. 79, to ‘‘all mixtures that form 
two layers’’ nor is it true that ‘the vapor-pressure is still equal to the sum of 
those of the two layers.’’ It is not true that ‘‘equal amounts of each layer must 
distil over at any one temperature.’’ Pfeffer, p. 82, was not the first man to 
notice that a colored solution diffuses into water until the mass is homogeneous 
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nor was he the first to discover osmotic pressure. He was the first man to make 
quantitative measurements of osmotic pressure —a very different thing. On p. 
94 it is unfortunate to select sodium chlorid as an instance of Ostwald’s dilution 
law. In discussing the relation between concentration and vapor-pressure it is 
nowhere brought out that # is expressed in terms of the molecular weight of the 
solute in the solution and N in terms of the molecular weight of the solvent in 
the vapor. The reviewer would suggest a reference at this pvint to the case of 
acetic acid. On p. 113 the sentence ‘‘Since the ice which separates is always 
pure solvent’’ should read ‘‘ When the ice which separates is pure solvent.’’ 
There is no reference at all toa rise of freezing-point due to solid solutions. On 
p. 129 there is the incorrect definition: ‘‘ A saturated solution is one which con- 
tains the maximum amount of substance.”’ 

When discussing the dissociation of hydriodic acid, p, 163, the experiments 
of Lemoine are cited instead of those of Bodenstein. Commenting on the fact 
that the catalytic action of hydrogen is not strictly proportional to the concentra- 
tion, the author says, p. 199: ‘‘There must be, then, another factor to be con- 
sidered, and this Arrhenius found to be the presence of other ions which increase 
the catalytic action of those of H. This theory explains very simply the 
anomalous behavior already mentioned’’. Contrast this with the paragraph on 
the change of reaction velocity, with the temperature, p. 208, where no refer- 
ence is made to the van’t Hoff formula. The deduction of the phase rule on p. 
210 is inaccurate. 

In the chapter on electrochemistry the volt is defined, p. 215, as 10/11 of the 
electromotive force of the Daniell cell. On p. 216 Faraday’s law is expressed 
as follows: ‘‘ All movement of electricity in electrolytes takes place only by the 
concurrent movement of the ions in such a way that equal amounts of electricity 
cause chemically equivalent amounts of the different ions to move’’. A good 
deal of pains has evidently been spent on this definition and yet it leads to the 
conclusion that the migration velocities are equal in mixed solutions. The unit 
of conductivity is defined on p. 224 in reciprocal ohms ; but the migration veloc- 
ities on p. 232 are referred to the conductivity of mercury as unity. On p. 254 
the author ignores Helmholtz’s work on concentration cells. When discussing 
the theory of the accumulator, p. 283, no reference is made to Liebenow’s plum- 
bic acid theory and in the pages on polarization no reference is made to any 
work subsequent to that of Le Blanc so that the true significance of the decom- 
position point (p. 289) at 1.70 volts (1.67) is missed completely. 

These defects have been pointed out at some length because these are errors 
that are in no way a necessary consequence of the plan of the book. It is not 
until these — and many others — are corrected that the usefulness of a book con- 
structed on these lines can be discussed. Wilder D. Bancroft 


Lectures on Theoretical and Physical Chemistry. Py/. H. van't Hoff. 
Translated by R. A. Lehfeldt. Part I, Chemical Dynamics. 15 X 22cm; 
254 pp. London: Edward Arnold, 1898. Price: cloth 12 shillings. — There 
has already been a notice of the German original (2, 256) and of a French 
translation of this work (2,565). It is with pleasure that I call attention to the 
English translation. The general appearance of the work is good and the 
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translation has been well done. One would have been even more grateful if the 
translator had followed the example of some other translators and had added an 
index. Wilder D. Bancroft 


A Textbook of Inorganic Chemistry. By G. S. Newth. Fifth Edition ; 
13 X 19cm; pp. xv and 669. New York: Longmans, Green and Co., 1897. 
Prive : $1.75. — There is, apparently, an extensive demand for Mr. Newth’s 
textbook of general chemistry ; for a fifth edition is now out. The book isa big 
one, and presents a lot of detail. Opinions may well differ on how much matter 
should be provided for the study of a beginner ; but it does seem to the reviewer 
that 650 pages are too much. The first thing to be attained should be some sort 
of general view of the subject, not acquaintance with a mass of detailed informa- 
tion. In the many details, the general view is easily lost. 

The author has arranged his material in three Parts. The first of these pre- 
sents general considerations ; the second a study of hydrogen, oxygen, nitrogen, 
and carbon ; and the third a systematic treatment of the elements, according to 
the periodic classification. It results from this that we have a disquisition upon 
molecules, atoms, elements and compounds, chemical affinity, valence, gas 
theory, dissociation, electrolysis, the periodic system, evaporation and fusion, 
solutions, thermochemistry, etc., for a hundred and fifty pages, before we begin 
to find a serious statement of elementary facts about the air, combustion, water, 
and the like. Now this is too bad. And it may well be questioned whether it 
is wise to set out, in a treatise ona science of facts, with the dogmatic statement 
that ‘matter’ is to be regarded as aggregations of molecules. Chemical facts, 
and the actual content of the molecular theory (which has, really, nothing to do 
with discrete ‘molecules’), and the meaning of the combining weights of 
elements, can all be clearly and simply put without entangling them in a net- 
work of hypotheses that are independent of them. 

And a better arrangement of the material, the reviewer thinks, could be 
attained by presenting the significant experimental and theoretical — not hypo- 
thetical — facts of the science in the natural order in which these elements of 
the matter have been discovered. The development of the chemical knowledge 
of the individual would then become an epitome of the actual historical develop- 
ment of the subject ; and this knowledge would be far more easily grasped and 
assimilated than can possibly be the case when the subject is presented in any 
less natural way. It should, furthermore, be easy to see that the actual facts 
and relationships to be learned can be easier and better learned when they 
are kept free, at least at the beginning, of perverse statements which the stater 
himself does not try to prove. Clifford, who said many true things, never said 
a truer one than that no one should be asked to believe a thing until he is in 
position to appreciate the evidence for it. J. E. Trevor 

Traité d’ Analyse chimique quantitative par 1’ Electrolyse. By J. Riban. 
16X% 25 cm; pp. viand 304. Paris: Masson et Cie, 1899. Price: paper 9 
francs. — The book is divided into four sections, the first devoted to general 
theory and apparatus, the second to the determination of single metals or 
metalloids by electrolysis, the third to the separation of the metals and the 
fourth to special technical problems. In the appendix there is a series of useful 
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tables though one regrets to see that the atomic weight of oxygen is taken as 
15.96. The book is by far the best work that has appeared in French and could 
be recommended highly were it not for the fact that practically no references 
are given. Such recent work as that of Kiister and v. Steinwehr is cited in the 
text and the author shows familiarity with the work that has been done in 
Germany and in America. This volume may be welcomed as another sign that 
the scientific isolation of France in chemical matters will soon be a question of 
the past. The historian of the future will record that physical chemistry in the 
hands of Raoult, Le Chatelier and Duhem has been the leaven. 
Wilder D. Bancroft 


The Spirit of Organic Chemistry. By Arthur Lachman. 13 X 19 cm; 
pp. xviti and 229. New York: The Macmillan Company, 1899. Price: 
$7.50. — This little volume consists of a series of sketches, each sketch showing 
the historical development of some problem or group of problems in organic 
chemistry. The subjects treated are: the constitution of rosaniline ; Perkin’s 
reaction; the constitution of benzene; the constitution of acetoacetic ether; 
the uric acids group; the constitution of the sugars; the isomerism of maleic 
and fumaric acids ; the isomerism of the pximes; the constitution of the diazo 
compounds. This list shows that the subjects have been well chosen. The 
treatment is good, barring a misguided conscientiousness in splitting infinitives ; 
and the volume is a very interesting one. There is a real need for booksof this 
general type and it isto be hoped that it will not be long before we have a full- 
fledged literature of critical historical studies. Practically the only criticism 
that the reviewer has to make is that it would have been better to state more 
explicitly the facts which a hypothesis of multirotation must explain in order to 
be accepted. Incidentally, it would also be well to omit the inaccurate state- 
ment, p. 148: ‘‘ Recent investigations show, however, that the molecular weight 
of the dissolved sugar in its initial and final conditions of rotation is one and 
the same, which fact precludes the addition hypothesis.”’ 

The author has given references copiously throughout the text; and has 
added both a subject and a name index, for which all readers will be grateful to 
him. There is also a six-page introduction by Freer. 


Wilder D. Bancroft 


Harper’s Scientific Memoirs. s4X 27cm. New York: Harper and 
Brothers, 1899. — 

No. 1. The Free Expansion of Gases. By Gay-Lussac, Joule, and 
Joule and Thomson. Edited by J. S. Ames. 106 pp. Price: 75 cents. 

No. 2. Prismatic and Diffraction Spectra. By Joseph von Fraunhofer. 
Edited by J. S. Ames. 68 pp. Price: 60 cents. 

No. 3. Réntgen Rays. By Rontgen, Stokes, and J.J]. Thomson. Edited 
by George F. Barker. 76 pp. 

No. 4. The Modern Theory of Solution. By Pfeffer, van’t Hoff, Ar- 
rhenius, and Raoult. Edited by H.C. Jones. 134 pp. 

We greet with pleasure the beginning, in English, of a series of reprints 
and translations of classic scientific papers, analogous to Ostwald’s justly valued 
Klassiker series. The general editor is Joseph S. Ames, of the Johns Hopkins 
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University, and he has secured the collaboration of a number of well known 
American men of science. Each of the little volumes is to contain a complete 
paper, or, in some cases, a collection of shorter papers, onsome subject. Notes, 
explanations, and corrections are to be added when needed. In each case a 
synopsis of the present state of knowledge of the subject, together with a 
bibliography and an index, is to close the whole. 

Four volumes are now out. The first, on the Free Expansion of Gases, 
contains the familiar papers by Gay-Lussac, Joule, and Thomson and Joule on 
this absorbing thermodynamic topic. Translation and editing have been done 
by the general editor. The second, likewise edited by Mr. Ames, gives a cycle 
of papers by Fraunhofer, on prismatic and diffraction spectra. The third, 
edited by George F. Barker, presents papers by ROntgen, Stokes, and J. J. 
Thomson, on the R6ntgen rays; while the fourth is made up of a series of the 
memoirs of Pfeffer, van ’t Hoff, Arrhenius, and Raoult, on the Modern Theory 
of Solutions. 

This last volume is edited by Harry C. Jones. It is a most admirable one. 
It contains selected passages from Pfeffer’s osmotic investigations, van’ t Hoff’s 
paper on the analogy between gases and solutions, Arrhenius’s article develop- 
ing the theory of electrolytic dissociation, and three papers by Raoult. It is a 
pity that one more paper had not been added : that of Raoult and Recoura, dis- 
cussed by van ’t Hoff, Zeit. phys. Chem. 5, 423 (1890). Brief biographical 
sketches of Pfeffer, Arrhenius, van ’t Hoff and Raoult have been supplied by 
the editor. This is an excellent idea; but in the case of Raoult, this has been 
carried out in such a way that the reader gets the impression that Raoult had 
never done anything of importance outside of his vapor-pressure studies. In 
the biography of van ’t Hoff it is not clear why the work on active oxygen 
should not have been mentioned. These points are not of great importance, 
since the real value of the book consists in the translated papers; and this ar- 
rangement according to subjects isa very welcome one. In an appendix there 
is a partial bibliography of osmotic pressure, theory of solution, freezing-point 
and boiling-point methods. This does not claim to be complete, the editor in- 
tending to cite only the more important papers. Even after this reservation 
one does not quite understand how Naccari’s work came to be omitted; and if 
Lord Kelvin’s criticism of the osmotic pressure theory is to be cited, the answer 
by Gibbs should not have been ignored. 

Very interesting further volumes of the series are announced as in prepara- 
tion. Notable among these are numbers that are to treat the laws of gases, the 
second law of thermodynamics, electrolytic conduction, the law of gravitation, 
the Faraday and Zeeman effects, and the wave theory of light. Editors 


Miiller-Pouillet’s Lehrbuch der Physik und Meteorologie. Ay L. Pfaundler 
and O. Lummer. Vol. IT, Part 2. 14.5% 22.5 cm; pp. xiv and 768. 
Braunschweig: F. Viewig und Sohn, 1898. Price: paper 1o marks.—Miiller- 
Pouillet’s well-known Lehrbuch is now appearing in its ninth edition. Of its 
different Parts, the one that contains most having a physicochemical interest 
is, naturally, the second part of Vol. II., on Heat. This portion of the work has 
been almost wholly rewritten ; and much new material has thereby been incor- 
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porated in it, notably sections on the theory of solutions, and on the Gibb- 
sian phase rule. It is, indeed, a gratifying indication of progress, to find eight 
pages devoted to the phase rule. The closing reference here to Meyerhoffer’s 
little book might, however, have been replaced to advantage by a citation of 
Bancroft’s far more comprehensive treatise on the same subject. 

Thermometry, as a matter of course, introduces the present volume. This 
snbject is followed by chapters on fusion and vaporization, calorimetry, thermo- 
chemistry, thermodynamics, kinetic theory, conduction and radiation, and 
meteorology. The whole work is primarily a treatise on experimental physics : 
theory appears in it only in so far as has apparently been deemed unavoida- 
ble. It is profusely illustrated by wood cuts, and is supplied with an index. 

J. E. Trevor 


Kurzer Abriss der Elektricitat. By 1. Graetz. 16X23 cm; pp. vi and 
180. Stuttgart: J. Engelhorn, 1897. Price: cloth 3 marks. —The present 
little volume is a digest of Graetz’s larger work on electricity, a book which has 
gone through many editions. It is a popular treatise, intended to give in simple 
form a coherent account of the more important electric phenomena, and of the 
views that are currently held in regard to them. 

The most prominent peculiarities of the book are, perhaps, the order of 
treatment that is pursued in it, —the production and properties of electric cur- 
rents being studied before electrostatic phenomena are taken up, —and a con- 
sistent attempt to represent all electric phenomena as changes in the state of the 
‘ether’. Concerning this latter point, the author remarks that although a 
wholly satisfactory ether theory does not exist, yet electric processes can be 
easily visualized as processes in the ether, and many of them, as for example 
electric oscillations, become thereby especially intelligible. Throughout the 
book, further, the presentation of scientific facts is always accompanied by an 
account of the more important technical applications that are made of them. 
The topics treated in the volume are, successively : the production of currents ; 
the laws to which currents are subject; magnetic effects of currents ; electro- 
statics ; dynamos; the relations of currents to thermal, optic, and chemical pro- 
cesses ; conduction by gases; electric waves. This is a comprehensive pro- 
gramme, and it is simply, clearly, and scientifically carried through. 

J. £. Trevor 


On the Study and Difficulties of Mathematics. By Augustus De Morgan. 
New Edition. 14X% 20cm; pp. viand 288. Chicago: The Open Court Pub- 
lishing Company, 1898.—Of the instructive publications of the progres- 
sive Open Court Company, one of the most recent is an attractive reprint 
of De Morgan’s little treatise on the Study and Difficulties of Mathematics. 
De Morgan issued the original work in 1831, and it has long been practically in- 
accessible. As a sensible and lucid commentary on the principles of arithmetic, 
algebra, geometry, and trigonometry, it cannot easily be surpassed. The 
author says that his object has been “‘ to notice particularly several points in the 
principles of algebra and geometry, which have not obtained their due import- 
ance in our elementary works on these sciences.’’ The way in which this has 
been done is ample justification for reproducing the work now. The editor of 
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the present edition, Mr. Thomas J. McCormack, says, very justly, that 
** De Morgan, though taking higher rank as an original inquirer than either 
Huxley or Tyndall, was the peer and lineal precursor of these great expositors of 
science, and he applied to his lifelong task an historical equipment and a psy- 
chological insight which have not yet borne their full educational fruit. And 
nowhere have these distinguished qualities been displayed to greater advantage 
than in the present work, which was conceived and written with the full natural 
freedom, and with all the fire, of youthful genius.”’ J. E. Trevor 


The Arithmetic of Chemistry. By John Waddell. 12 X18 cm; pp. viii 
and 133. New York: The Macmillan Company, 1899. Price: cloth, go 
cents. —In the preface to this problem book, the author says: ‘‘ The form that 
this book has taken is due to a very considerable experience of the difficulties 
encountered by students when attempting to make chemical calculations. The 
effort has been made to smooth away these difficulties, and to give an accurate, 
as well as a simple and systematic, treatment of the subject. A number of 
points are, I venture to think, more clearly presented than in other books ; for 
instance, Charles’s law and the so-called gramme-molecular volume of gases.”’ 
The topics treated are: stoichiometric calculation of weights; calculation of the 
volumes of gases; calculations in volumetric analysis; and calculation of 
chemical formulas. Other matters, such as the metric system, comparison of 
thermometric scales, a table of combining weights, and a table of logarithms, 
are relegated to an appendix. All the calculations are clearly explained, and 
they are accompanied by a number of problems for practice. These problems 
have been taken from the examination papers of various British and American 
universities J. E. Trevor 

The Metaphysic of Experience. By Shadworth H. Hodgson. 14 X 21 
cm. Vol. I. xx and 459 pp.; Vol. IT. 403 pp.; Vol. IIT. 446 pp.; Vol. IV. 
503 pp. New York: Longmans, Green and Co. Price: $12.00. — Mr. Shad- 
worth Hodgson, for fourteen years President of the Aristotelian Society, pre- 
sents in four sumptuous volumes the results of the labor of eighteen years de- 
voted to framing the outlines of a complete system of philosophy. His funda- 
mental idea is that analysis of actual experience, avoiding assumptions, is the 
only trustworthy guide in developing a conception of the nature of the universe. 
It readily appears that all knowing is consciousness; but it does not follow from 
this that consciousness is the only existence of which we have evidence. From 
the experience that gives rise to the conception of real conditions possessing 
operative agency, it is concluded that there is an existence which is not con- 
sciousness, and which exists whether perceived or not. This existence, termed 
physical matter in contradistinction to percept-matter, constitutes the subject 
upon which consciousness, as an existent, is conditioned ; it is the real condition 
of the arising of the special states of consciousness. And, finally, still from the 
analysis of experience, Mr. Hodgson is led to infer the existence of an unseen 
world, which forms, together with the seen world, an infinite universe adequately 
known in one ceaseless moment of awareness by an omniscient Percipient. The 
work thus ends in laying the foundation of a theology. 

The text is divided into four books ; of which the first contains the general 
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analysis of experience ; the second a study of the connection between the posi- 
tive sciences and philosophy ; the third an analysis of conscious action, leading to 
establishment of the foundations of logic, aesthetics, and ethics; while the 
fourth has to do with the Real Universe. It cannot well be denied that Mr. 
Hodgson has produced here a notable work. J. E. Trevor 


Annuaire pour |’ an 1899, publié par le Bureau des Longitudes. 9 X 75cm; 
pp. v and 658. Paris: Gauthier-Villars et Fils. Price: 1.50 francs. — That 
reliable data book, the Annuaire of the Bureau des Longitudes, is now out for 
1899. It contains the usual collection of astronomical, physical, and chemical 
data ; and four appendices, the most important of which is an account, by M. 
Gautier, of the great siderostatic telescope he is building for the coming Expo- 
sition. The thing has an object-glass of nearly fifty inches (1.25 m) diameter, 
and a focal length of nearly 200 feet (60 meters). It is, thus, one quarter larger 
than the Yerkes glass. It is, however, to be fed by a huge mirror, which must 
occasion a great loss of light. J. E. Trevor 











REVIEWS 


The object of this department of the Journal is to issue, as promptly as possible, 
critical digests of all Journal articles that bear upon any phase of Physical Chemistry 


General 


On a possible change in weight in chemical reactions. F. Sanford and L. 
Ray. Phys. Rev. 7, 236 (1898). — Another attempt by the authors to corrobo- 
rate Landolt’s results (2, 137). This time they try the reduction of iodin from 
potassium iodid by means of ferric chlorid. The apparatus and method are the 
same as in their previous work, only greater care is taken with the weigh- 
ings. From the results, extending over four months, a gain in weight rather 
than a loss is noticed. The gain recorded is 0.02 mg. Hf. 7. B. 


Note on the atomic weights of praseodidymium and neodidymium. WH. C. 
Jones. Zeit. anorg. Chem. 19, 399 (7899).— Attention is called to the fact that 
the recent work of Scheele, of Brauner, and of Jones, point to the conclusion 
that in Auer v. Welsbach’s original paper the molecular weights for praseodidy- 
mium and neodidymium were transposed. W. D. B. 


A comparison of Rowland’s thermometers with the Paris standard and a re- 
duction of his value of the mechanical equivalent of heat to the hydrogen scale. 
W.S. Day. Phys. Rev. 6, 193 (1898). —Reviewed (2, 504) from Phil. Mag. 
[5] 44, 169 (1897); 46, 1 (1898). 


Some modifications of the Geissler pump. G. Guglielmo. Rend. Accad. 
Lincei, (5) 7, II, 240 (/898).— The author has made numerous changes, the 
most striking of which is the doing away with the long fall-tube. The new 
form of the pump may be purchased from Treffurth (Ilmenau) for twenty 
francs. W.D.B. 


One-Component Systems 


The vapor-pressures, specific volumes, and critical constants of normal hep- 
tane. S. Young. Jour. Chem. Soc. 73, 675 (1898). — Normal heptane boils at 
—3.4° under 9.2 mm and at 98.55° under 762.35 mm pressure. The critical 
temperature is 266.9° and the critical pressure 204.15mm. The mean density of 
liquid and vapor is given very accurately by the formula D; = 0.3518 — 0.00044 ¢. 
The critical density is 0.2344 practically identical with those of isopentane 
0.2344, normal pentane 0.2324, nornal hexane 0.2343. The ratio of the actual 
critical density to the theoretical critical density is 3.860. W. Dz. B. 


On the density of ice. £. L. Nichols. Pays. Rev. 8, 21 (1899).— The 
author points out very justly the urgent need of a more careful study of the 
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density of ice. The occurrence of this constant in the useof the ice calorimeter 
renders it of considerable importance, and, as the summary of the work of pre- 
vious observers shows, the divergences in the results are far from satisfactory. 
In the experiments here described the author studies the density both of natural 
and artificial ice by several well selected methods. A difference is found con- 
siderably beyond the errors of observation. This agrees with the most correct 
results of previous observers. For instance, the author’s value for artificial ice 
is 0.91615, which agrees wonderfully well with the mean result of Pliicker and 
Geissler, Bunsen and Kopp, i. e. 0.91614 for the same kind of ice. For natural 
ice the value found by the author is 0.91807, which also substantiates certain of 
the older results. The conclusions are then that natural ice is some 2 in 1000 
denser than artificial ice. A very significant statement is also made, significant 
from the point of view of river ice formation in water flowing too rapidly to 
freeze over, that from certain preliminary results ice formed at — 5° to — 10° is 
less dense than that formed at — 70° by at least 1 in 1000. During extreme 
cold weather it is a well known fact that in northern rivers the rapidly 
formed fine ice particles in open water tend to float lower in the water than 
during milder weather. This possibly might be due to the denser state of the 
ice coupled with the fact that the water is very slightly undercooled which 
would render it less dense. i. 2+ 8 


Kinetic theory of liquids. C. Dieterici. Wied. Ann. 66, 826 (7898). — 
A mathematical application to liquids of the ordinary equations relating to the 
kinetic theory of gases and a discussion of vapor pressures and heats of vaporiza- 
tion in that light constitute the main points of this paper. There is little new 
beyond a more complete treatment of the subject than has yet been given, and 
on the whole the paper isdisappointing. The work of Clausius, van der Waals, 
Stefan, Jager, Voigt and Milner are compared and extended. H. T. B. 


The densities of liquids and saturated vapors as functions of the temperature. 
C. Del Lungo. Rend. Accad. Lincei, (5) 7, 7, 353 (7898). — Kinetic theory 
based on the assumptions that the velocity of the molecules of a liquid is equal 
to the velocity of the molecules of the vapor; that a liquid is a dense gas in 
which the crowded molecules are within the sphere of molecular cohesion ; that 
the velocities of the molecules of a liquid are distributed among the molecules 
according to the same law as for vapors. W. Dz. B. 


Piezometer for compressing and stretching liquids. 4. /izzarello. Nuovo 
Cimento, (4) 8, 266 (1898). — Two glass tubes are connected by a rubber tube. 
Mercury is poured in until one of the tubes is filled above a stopcock which is 
then closed. The other tube is then raised fairly rapidly and the mercury is said 
to follow making a vacuum in the closed tube, even though there is an apparent 
pressure of four atmospheres. This seems to be a most surprising experiment. 

W. D. B. 


On the specific heatsof gases. Fourth Paper. Second Part. S. Lussana. 
Nuovo Cimento, (4) 7, 365 (1898). —The specific heat of air Cy varies from 
0.2931 at 39.53 atm to 0.4316 at 156.37 atm. (See 2, 60.) W. Dz. B. 
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Two-Component Systems 


The use of the transition temperatures of complex systems as fixed points in 
thermometry. 7: W. Richards and J. B. Churchill. Proc. Am. Acad. 34, 
277; Zeit. phys. Chem. 28, 313 (1899). — The authors give approximate transi- 
tion temperatures for nine salts. They find for Na,CrO,10H,O, 19.93° ; 
Na,SO,10H,O, 32.484° ; Na,CO,10H,O, 35.2° ; Na,S,O,5H,O, 48.1° ; NaBr2H,O, 
50.8° ; MnCl,4H,0O, 57.9° ; SrCl,6H,O, 61.1° ; Na,PO,12H,0, 73.5° ; BaO,H,SH,O, 
78.0°. These are all temperatures on the mercury thermometer and are only 
first approximations subject to future revision, with the exception of the value 
for Glauber’s salt (see 3, 177). The authors propose 20° as standard room tem- 
perature, a suggestion which the reviewer approves most heartily. They point 
out that sodium chromate corresponds very closely to this value, 19.93° on the 
mercury scale, 19.85° on the hydrogen scale. W. D. B. 


On the phenomena of physical equilibrium in mixtures of isomorphous sub- 
stances. G. Bruni. Rend. Accad. Lincei, (5) 7, 11, 138; Gazz. chim. Ital. 
28, 77, 322 (7898). — The author discusses Kiister’s hypothesis that the freezing- 
points of mixtures of isomorphous substances lie on the straight line between those 
of the two pure components, citing the experiments of Garelli made in 1894 to 
show that this is not true experimentally. From the phase rule he draws the 
sound conclusion that there is only oue freezing-point curve, overlooking how- 
ever that this is not incompatible with a maximum or minimum freezing-point 
for some mixture. He shows experimentally that mixtures of naphthalene and 
8-naphthol do not solidify without change of temperature and concludes finally 
that isomorphous mixtures are solid solutions. W. Dz. B. 


New considerations on the physical equilibrium for isomorphous mixtures. 
G. Bruni. Rend. Accad. Lincet, (5) 7, 71, 347 (4898). — To prove that isomor- 
phous mixtures cannot solidify without change of temperature the author 
quotes, nominally from Gibbs, a statement that ‘‘In a system containing two 
coexistent phases, it is necessary and sufficient that the two phases have the 
same composition for the temperature to be a maximum or a minimum at con- 
stant pressure.’’ Asa matter of fact the original passage, p. 155, reads: ‘‘ for 
constant temperature the pressure is in general a maximum or a minimum when 
the composition of the two phases is identical. In like manner, the tempera- 
ture of the two coexistent phases is in general a maximum or a minimum, for 
constant pressure, when the composition of the two phases is identical.’’ 
The author's quotation is really from Duhem, Zeit. phys. Chem. 8, 337 
(1891) and he has overlooked the fact that a proof that the temperature 
can be a maximum or a minimum only when the composition of the two phases 
is identical does not necessarily prove the proposition that the two phases can 
be identical in composition only when the temperature is a maximum or a 
minimum. W.D. B. 


Solubility of isomeric substances. /. Walkerand/. K. Wood. Jour. Chem. 
Soc. 73, 618 (1898). — The authors have tested some of Carnelley and Thomson’s 
generalizations with the following results : 

1. The rule that the order of fusibility of isomeric substances is also the 
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order of their solubility does not hold good for the hydroxybenzoic acids. The 
rule is in general applicable to benzylcarbamid and its isomerides, the only 
exception found being benzyl- and paratolyl-carbamid in ether, where the solu 
bilities lie close together, but not in the order of fusibility. 

2. The rule that the order of solubility is independent of the solvent is sub- 
ject to the same exceptions as the preceding rule. 

3. The constancy of the solubility ratio observed by Carnelley and Thomson 
for meta- and paranitranilin is not!found either with the hydroxybenzoic acids or 
with benzylcarbamid and its isomerides. The solubility ratio for any pair of the 
hydrobenzoic acids in the same solvent is also variable with the temperature. 

4. The variation of the solubility of salicylic acid and its isomerides with 
the temperature can be expressed by a formula of the type proposed by Norden- 
skjold, namely log S = aT —6 when the solvent is water, but not when the 
solvent is benzene. 

5. Congo-red was found to be the best acidimetric indicator for salicylic 
acid and its isomerides. The values obtained for the solubility of salicylic acid 
in water are only two-thirds of the values given by Bourgoin. W. D. B. 


The freezing-point of water solutions of the sodium salt of mellitic acid. -— 
W. W. Taylor. Zeit. phys. Chem. 27, 361 (1898).— The experiments were 
made to determine whether the molecular lowering of the freezing-point would 
approach the maximum value of 7 X 1.87 demanded by the dissociation theory. 
The apparatus used was Beckmann’s with many of Abegg’s refinements. With 
the most dilute solution a value of 5.92 X 1.87 was obtained. It was found in 
the course of preparing the salt that it crystallized with 17 molecules of water of 
crystallization instead of with 18 as it is given in Beilstein’s Handbuch. More 
experiments are, promised with salts of pyridin pentacarboxylic acid. 

&. £. 8. 


Stannic bromid assolvent in cryoscopicdeterminations. F. Garelli. Rend. 
Accad. Lincei (5) 7,414, 27; Gazz. chim. Ital. 28, IT, 253 (1898). — Experi- 
ments have been made with asample of stannic bromid melting at 29.45°. The 
values of the constant were 247 with benzene ; 245 with acetophenone ; 278 with 
ethylene bromid ; 276 with ethylene chlorid ; 283 with bromoform ; 277 with 
carbon tetrabromid ; 310 with iodin ; 285 with bromin. From these figures and 
the looks of the solutions the author decides that 280 is the most probable 
value. Assuming 7.16 cal for the heat of fusion of one gram of stannic chlorid, 
the constant should be 248. To come out with 280 the heat of fusion should be 
6.48 cal. 

It was expected that stannic chlorid and stannic iodid might form solid solu- 
tions with stannic bromid; but the values obtained for the reacting weights 
were 165 and 511 respectively instead of 259.9 and 625.5. On the other hand 
acetic acid and butyric acid gave values of 127.6 and 180 instead of 60 and 88. 

W. Dz. B. 


On the molecular weight of some inorganic salts. NV. Castoro. Gazz. chim. 
Ital. 28, 377 (1898). — Mercuric chlorid, silver nitrate, cadmium chlorid, zinc 
chlorid and stannous chlorid give normal lowerings of the freezing-point when 
dissolved in methane. Cobalt chlorid and cupric chlorid give double the 
normal value while manganese chlorid gives 140 instead of 126. W. Dz. B. 
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On the cryoscopic behavior of the picrates. G. Bruni and R. Carpene. 
Gazz. chim. Ital. 28, //, 71 (1898).—Picric acid gives normal values in aceto- 
phenone. The authors have studied the behavior of eighteen picrates. Of these 
the picrates of naphthalene, phenanthrene, anthracene, @-naphthol, 8-naphthol, 
phenylcumalin, @-naphthylamin, a-methylindole, a-8-dimethylindole, a-methyl- 
p-ethylindole, and carbazole gave half-normal values pointing to complete dis- 
sociation. The picrates of a-8-8-trimethylindolenin, 9-8-8-trimethyl-a-methyl- 
eneindoline, 4-8-8-trimethyl-a-methyleneindolin and @-methylgranatanin gave 
practically normal values while the picrates of a-methyldihydroindole, 8-8-di- 
ethyl-a-methylindolin and a-y-dimethylquinolin gave values pointing to partial 


dissociation. W. Dz. B. 
Enantiomorphism. /. S. Kipping and W./. Pope. Jour. Chem. Soc. 73, 
606 (7898).— The authors have made forty-six series of crystallizations of 


sodium chlorate from water and have counted the number of dextrorotatory and 
laevorotatory crystals. In only two cases were the numbers exactly equal ; but 
the results varied on both sides of the mean in such a way that the most prob- 
able value of the number of dextrorotatory crystals per hundred is 50.08 + 0.11. 
From solutions containing 200 g of dextrose to the liter in addition to the 
sodium chlorate about twice as many laevorotatory as dextrorotatory crystals 
separated. Adding mannitol to the aqueous solution increased the percentage 
of laevorotatory crystals while addition of isodulcitol had the opposite effect and 
dulcitol had no effect at all. W.D. B. 


Specific gravities and boiling-points of mixtures of benzene and normal 
hexane. D. H. Jackson and S. Young. Jour. Chem. Soc. 73, 922 (1898).— 
Hexane boils at 68.95° under 760 mm pressure. Addition of seventeen percent 
of benzene raises the boiling-point less than 0.2°. The authors have determined 
the complete boiling-point curve for hexane and benzene. The results are 
tabulated as are also the data for the densities of different mixtures. 

W. Dz. B. 


On the vapor-pressure of crystallized hydrates whose vapor-pressure varies 
continuously with the composition. G. Zammann. Zeit. phys. Chem. 27, 323 
(7898). — The author has determined the variation of the vapor-pressure with 
the percentage amount of water for eighteen natural silicates containing water 
of crystallization. All these cases proved to be solid solutions. (See 2, 263.) 

W. Dz. B. 


The volatility of osmium as Os0, in a current of air or oxygen. O. Su/c. 
Zeit. anorg. Chem. 19, 332 (1899). — In an air-current powdered osmium vola- 
tilizes perceptibly as tetroxid at 212°, the reaction ceasing to be measurable at a 
little below this temperature. In a current of oxygen marked volatilization 
takes place at 170° while there is no reaction at about 155°. W. D. B. 


On the expansion of solutions of ammonia salts, //. U. Schiff and U. Mon- 
sacchi. Gazz. chim. Ital. 28, J, 161 (1898). — Reviewed (2, 201) from Zeit. 
phys. Chem. 24, 513 (1897). See also 1, 604. 


Réntgen ray photography applied to alloys. C. 7. Heycock and F. H. 
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Neville. Jour. Chem. Soc. 73, 7/4 (7898). — The authors have photographed 
sections of gold-sodium, gold-aluminum, copper-aluminum and silver-aluminum 
alloys; but do not draw any satisfactory conclusions from these observations. 
They have also overlooked the fact that the phases obtained by slow cooling are 
not necessarily the same as those obtained by rapid heating. W. D. B. 


On the volumetric measurement of liquids and the preparation of normal 
solutions. /. Wagner. Zeit. phys. Chem. 28, 193 (1899). — Reviewe (3, 48) 
from the author’s Habilitationsschrift. 


Poly-Component Systems 


A new fixed point for thermometers. Suggestion for a normal room tem- 
perature. W. Meyerhoffer and A. P. Saunders. Zeit. phys Chem. 27, 367 
(7898).— The temperature of transformation of Glauber’s salt, when sodium 
chlorid is present, is determined as 17.9°. The change occurs slowly and the 
temperature remains constant a long while. Both substances are cheap and 
readily obtained pure. This seems to be a convenient point at which to test 
thermometers. The suggestion is made that a universal normal room tempera- 
ture be adopted to avoid the confusion arising from the lax use of the term 
‘*room temperature ’’ which may mean anything varying between the limits of 
6° or 8°. 179° may not be best for the purpose. Perhaps some other mixture 
will give a temperature nearer an even number of degrees. This notice is pub- 
lished in advance of the rest of an extended investigation because of the article 
by Richards and Churchill (Ibid. 26, 690) on the same subject Sei. #. 


On the equilibria in systems with two and three components and one liquid 
phase. G. Bruni. Rend. Accad. Lincei,(5)7, I1, 198; Gazz. chim. J/tal. 
28, //, 508 (898). — The author recapitulates the phase rule classification for 
such systems. W.D B. 


Contributions to the chemistry of thorium: comparative researches on the 
oxalates of the rare earths. £&. Brauner. Jour. Chem. Soc. 73, 951 (1898).— 
The double ammonium oxalate crystallizes with four and with seven of water 
and probably contains one of ammonium oxalate to one of thorium oxalate. 
It is decomposed by water with precipitation of thorium oxalate. The atomic 
weight of thorium was found to be 232.43, a value identical with that ob- 
tained by Kriissand Nilson, The author records some interesting quantitative 
measurements on the solubility of the rare earth oxalatesin dilute sulfuric acid. 


W.D. B. 


Theory of the mutual effects on the solubilities of two ion electrolytes when 
all the ions are different. A.A. Noyes. Zeit. phys. Chem. 27, 267 (1898). — If 
solutions of two electrolytes, AB and CD, each capable of dissociating into two 
ions, are mixed, and if all four ions are different, there will be eight substances 
in the resulting solution, the four ions, A, B, C, and D, the undissociated sub- 
stances, AB, CD, and also AD and CB. The solubility of AB for instance is ob- 
viously greater than it would be in pure water. Considering the concentrations, 
solubilities, and degrees of dissociation of these substances, nine equations are 
obtained with nine unknown quantities, one of which is the new solubility 
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sought. The equation may then be solved, but the final equation would be 
extremely long and complicated. Such a general case is of small practical im- 
portance. In special cases much simpler equations may be derived. The author 
considers three such cases: First, where AD and CB are strongly dissociated 
substances. Second, where CD and AD (or CB) are strongly dissociated sub- 
stances. Third, where AD (or CB) is a strongly dissociated substance. The 
mathematically correct formulas are still rather complicated, but by eliminat- 
ing quantities which are small in comparison to others, an approximation to the 
true values is reached, and simple equations are obtained expressing the desired 
solubility as the only unknown. Solubility experiments are going on in the 
author’s laboratory illustrating these three cases. He gives some of the results 
already obtained, and shows that the agreement between the values actually 
found and those calculated from his approximate equations, is highly satisfac- 
tory. S. L. B. 


The solubility of salts of weak acids in stronger acids. A. A. Noyes and 
D. Schwartz. Jour. Am. Chem. Soc. 20, 742 ; Zeit. phys. Chem. 27, 279 (1898). 
— An account of experiments on the solubility of silver benzoate in nitric and 
in monochloracetic acids of different concentrations. The chemicals were care- 
fully purified and then analyzed to ascertain their purity. Saturation of the 
solutions was obtained by rotating the vessels containing them in a thermostat 
at 25°. At least eight hours were allowed for the solutions to become saturated. 
A definite volume was pipetted out and titrated with potassium rhodanate add- 
ing nitric acid and using iron alum as indicator. Each determination was made 
in two ways, once raising the temperature to 25° and once lowering it to the 
same point. The second method invariably gave higher solubilities than the 
first, but as repeated determinations by the first agreed much better than by the 
second, it is probable that the first method is the more accurate. Inan attempt to 
make the results by both methods agree, the time allowed for saturation was 
lengthened to 72 hours without success. Tables are given of all the results, and 
these are also combined in other tables with results calculated according to the 
theory and equations of the preceding article and show excellent agreement. 
This is a fresh proof of the truth of the solubility principle and of the appli- 
cability of the theories of dissociation in the case of weak acids. S. Z. B. 


The solubility of iodine in dilute solutions of potassium iodide. 4. A. 
Noyes and J. Seidensticker. Zeit. phys. Chem. 27, 357 (1898) ; Jour. Am. 
Chem. Soc. 21, 217 (1899).— It is highly probable from Jakowkin’s work that 
iodin dissolving in potassium iodid forms the compound KI,. If this is so then the 
equation (KI,) = 4(KI)  (1,) must hold. The symbols represent the concen- 
trations of the substances, and & is a constant. If the solution is always satur- 
ated with iodin, its concentration is a constant and the equation becomes 
(KI,) =4(KI). Careful experiments were made upon the solubility of iodin 
in potassium iodid solutions of concentrations varying between o.1 and 0.005 
normal, and in pure water. Subtracting the amount of iodin soluble in pure 
water from the total iodin in the various solutions, values are obtained for 
(KI,). These values show the constant relation to the amount of KI present 
demanded by the equation. This furnishes a further argument in favor of 
Jakowkin’s theory. S. L. B. 
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On the solubility of argentic bromide and chloride in solutions of sodic thio- 
sulfate. 7. W. Richards and H. B. Faber. Am. Chem. Jour. 21, 167 (1899). 
— The solubility of silver bromid in sodium thiosulfate solutions at 35° increases 
somewhat more rapidly than the concentration of the sodium thiosulfate. Add- 
ing silver bromid to dilute solutions of sodium thiosulfate raised the freezing- 
point at first and further additions produced little or no effect. W.D. B. 


On equilibrium phenomena in precipitates. -. W. Adster. Zeit. anorg. 
Chem. 19, 81 (1899).— Equal quantities of a silver nitrate solution were added 
to solutions containing equal total amounts but varying relative amounts of 
potassium bromid and chlorid, chlorid always being present in excess. The 
precipitate was analyzed and the relative amount of silver bromid was found to 
vary continuously with the relative concentration of the potassium bromid in 
the solution. The same final equilibrium was reached even when silver nitrate 
was added to pure potassium chlorid solution and potassium bromid solution 
added after the precipitation. This disproves any hypothesis in regard to 
‘ mechanical ' occlusion and forces us to the conclusion that silver bromid dis- 
solves in precipitated silver chlorid. It was found quantitatively that the dis- 
tribution ratio for silver bromid remained surprisingly constant over a wide 
range of concentrations. W.D. B. 


On red copper potassium chlorid. 4/7. Grdoger. Zeit. anorg. Chem. 19, 328 
(7899).— The author has obtained the well-known double salt CuCl,KCl by 
crystallization from a concentrated hydrochloric acid solution and has analyzed 
it. He reports that he had difficulty in getting the salt pure because it decom- 
posed when he washed it. It is surprising that such an article should have 
passed the editors. W. D. B. 


On the chemical equilibrium between amalgams and solutions. 4. Ogg. 
Zeit. phys. Chem. 27, 285 (1898). — Experiments testing the formula of Nernst 
(1, 605, 615). It was found that when mercury was shaken with silver nitrate 
solutions of not too great strengths the ratio of the concentrations of silver in 
the solution and the resulting amalgam was inversely proportional to the 
square root of the concentrations of mercury in the solution. This shows that 
the reaction taking place is 





2Hg + 2Agz=—= Hg, + 2Ag. 
When a more concentrated silver nitrate solution is taken, a solid silver amal- 
gam precipitates and the concentrations in the solution phase thereupon be- 
come constant. No satisfactory results were obtained when silver was shaken 
with mercurous nitrate. The composition of the solid silver amalgam was 
found to be Ag,Hg, by the methods of Miiller-Erzbach and of Andreae. 

When mercury is shaken with a solution of mercuric nitrate the latter is re- 
duced almost completely to mercurous nitrate. By determining the ratio of 
the two nitrates at equilibrium under different initial concentrations it is possi- 
ble to deduce the form of the equation describing the reaction. It was found to 


be Hg + Hg = Hg,, thus confirming the results with silver nitrate. The same 
result was obtained by measuring the electromotive force of a mercurous nitrate 
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cell, nitric acid being added to the two solutions to make the difference of poten- 
tial between the two zero. In mercury, mercurous nitrate, silver nitrate, silver 
cells, silver is cathode when the nitrates are fifth-normal and anode when they 
are tenth-normal. The decomposition values for the mixed nitrates is lower than 
that of either pure metal. W.D.B. 


Reversible zymohydrolysis. A.C. Hill. Jour. Chem. Soc. 73, 634 (7898). 
— The author has studied the hydrolysis of maltose under the influence of mal- 
tase of yeast with special reference to the influence of the decomposition- 
products. It was found that the reaction was hindered by the presence of glu- 
cose and this hindering was due to the formation of maltose from glucose under 
the influence of the enzyme. The equilibrium is displaced toward the maltose 
and by increasing the total concentration. This is in the direction required by 
theory since one of maltose forms two of glucose and this dissociation 
should proceed less far, the more concentrated the solution. With an initial 
concentration of forty percent sugar in the aqueous solution about eighty-four 
percent of the maltose is converted into glucose. A few other values are given, 
and the change of the equilibrium with the concentration is that required by the 
theory, as is shown by the appended table made up by the reviewer. The values 
for the constant are calculated from the formula KX* =(1— X)V, V being 
taken as unity for the forty percent solution. 


Percentage of maltose 











Sugar concentration hydrate hydrolyzed K X 1000 
2 percent | At least 99 2.0 
4 - | ioe 2.1 
10 ei “_” 65 2.5 
20 “ | ad ae 5 2.3 
40 ‘* About 84 2.3 
W. D. B. 


On the determination of sulfuric acid in the presence of iron. F. W. Kiis- 
terand A. Thiel. Zeit. anorg. Chem. 19, 97 (7899). — Jannasch and Richards 
have proved that when barium sulfate is formed in presence of iron salts the oc- 
cluded iron is carried down as ferric salt. Kiister therefore drew the conclusion 
that if no iron were present as ferric iron, none would be occluded. He tested 
this hypothesis in two ways. First he precipitated his iron with ammonia, 
added barium chlorid before filtering and then dissolved the ferric hydroxid 
with hydrochloric acid. The precipitate contained no iron and had the right 
weight. In the second set of experiments the iron was converted into a com- 
plex salt by means of ammonium oxalate or tartrate, barium chlorid was added 
and the whole heated with hydrochloric acid. The result was eminently satis- 
factory. This is indeed a triumph as far as the iron goes; but one cannot help 
wondering whether some barium chlorid were not occluded. W. D. B. 


On the determination of sulfuric acid in presence of iron. G.Lunge. Zeit. 
anorg. Chem. 19, 454 (1899). — The author points out that his method of pre- 
cipitating the iron with ammonia and filtering before determining the amount 
of sulfate takes no more time than the method of Kiister and Thiel (preceding 
review ). W.D. B. 
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Titration of persulfates. J/. LeBlanc and M. Eckhardt. Zeit. Elektro- 
chemie, 5, 355 (1899). —The titration of persulfates with ferrous ammonium 
sulfate and permanganate is not satisfactory because the reaction between the 
persulfate and the ferrous salt takes place too slowly. Heating the solution to 
70°-80° obviates the difficulty. W.D. B. 


New studies on the formation of the red sulfid of mercury by the wet way. 
U. Alvisi. Rend. Accad. Lincei, (5) 7, IT, 97 (1898). — The author dissolved 
Hg(C,H;S),, HgCl(C,H;S), HgCl,(C,H;),S, HgCl in ordinary ammonium hydro- 
sulfid solution and let the four solutions stand. A red precipitate of sulfid of 
mercury separated almost instantaneously from the first solution; from the 
second, third and fourth solutions there crystallized a black precipitate which 
then became red, the reaction running slowly in the third solution, and very 
slowly in the fourth. Ethyl sulfid was also formed. If hydrogen sulfid be 
passed into a boiling solution of ethyl mercaptid suspended in water, the color 
becomes red, then black, then red again. The red precipitate has the composi- 
tion represented by the formula HgS, as in the preceding cases. W. D. B. 


On silver bisulfid. 4. Hantzsch. Zeit. anorg. Chem. 19, 104 (1899).—- 
When a solution of sulfur in carbon bisulfid is added to a solution of silver 
nitrate in benzonitrile, silver bisulfid, Ag,S, is precipitated as a velvet-brown 
amorphous powder, from which carbon bisulfid dissolves no sulfur. If pyridin 
be taken as solvent, only the ordinary black sulfid precipitates. W. Dz. B. 


Osmotic Pressure and Diffusion 


The osmotic pressure of certain ether solutions and its relation to Boyle- 
van ’t Hoff’s law. H. M. Goodwin and G. K. Burgess. Phys. Rev. 7, 171 
(7898) ; Zeit. phys. Chem. 28, 99 (1899).— Direct determination at 12.90° of 
the vapor-pressures of solutions of naphthalene, benzophenone and diphenylamin. 
From these data the osmotic pressures of the solutions were calculated (see 2, 
203) and compared with the theoretical values. In all three cases there were 
marked variations from the theory, the discrepancy being most marked in the 
most dilute solutions. The authors conclude that apparently each substance in 
solution has its own equation of condition connecting temperature, osmotic 
pressure and volume just as in the case of easily compressible gasses. [The 
more accurate the measurements the more important it becomes to determine 
whether the heat of dilution is really zero for each case. Where this is not true 
the formula of van ’t Hoff does not apply. ] W. Dz B. 


On the passage of solutes through copper ferrocyanid membranes. 4. Naccari. 
Nuovo Cimento, (4) 8, 260 (1898). — The author has experimented with sugar 
(342), salicin (280), mannit (182), paraldehyde (139), ethyl bromid (109), 
anilin (93), amyl alcohol (188), butyl alcohol (74), urea (58) and acetone (58). 
He states that the substances with the lower molecular weight pass the membrane 
while the others do not. This is only a preliminary note which is probably the 
reason why it is not stated where the dividing line comes. W. Dz. B. 


Velocities 


Study of reaction velocity with special reference to mixtures of aqueous 
alcohol. W. Kistiakowsky. Zeit. phys. Chem. 27, 250 (1898). — This is an 
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extract from a paper published in Russian in 1896. The reaction studied was 
the ester formation, ethyl formate, both with and without addition of hydro- 
chloric acid. By having both alcohol and water present in large excess rela- 
tively to the acid or the ester, the concentrations of the first two substances may 
be considered as constant and the reaction becomes a monomolecular reversible 
reaction with the acid and the ester as the two substances of varying composi- 
tion. In order to get the two single reaction velocity constants the author 


: e g g a— 
splits the formula (£ + &,) a) into &¢ = = log [—s and &, ¢= — 


log; 7 where a is the initial concentration of the organic acid and ¢ the equilib- 


rium value. For the solutions containing hydrochloric acid, in which auto- 
catalysis may be neglected, excellent constants are obtained in each series and 
a comparison of the different series shows that the constant is independent of 
the concentration of the alcohol provided this latter does not exceed seventy- 
five percent in grams. With no inorganic acid the phenomenon of autocatalysis 
occurs and the author contents himself with pointing out that the course of the 
reaction is qualitatively what it should be without attempting to deduce a 
formula which should represent the data. It is not surprising that this should 
have been omitted because, in one experiment, the reaction had only run about 


two-thirds of the way in six months. W. D. B. 
On the rate of crystallization, II. FF. W. Kuster. Zeit. phys. Chem. 27, 
222 (/898). — A continuation of the polemic with Tammann (see 1, 619, 749; 2, 


448, 450). The rate of crystallization is defined as the rate at which a crystal 
growing in its supercooled melt pushes forward a surface into the liquid phase. 
This is identical with the reaction velocity observed experimentally only in case 
the advance of the solid takes place perpendicularly to the surface of the crystal. 
The author believes that this does not take place with less than five degrees 
supercooling but that it does for supercoolings varying from 5° to about 25°. 
The author claims further that the experiments of Nernst and Abegg on the 
convergence temperature have shown that the crystallizing melt does not reach 
the freezing-temperature. He therefore rejects Tammann’s hypothesis that the 
temperature in the surface of discontinuity is that of the melting-point. 
W. D. B. 


Mr. F. W. Kiister’s comments on the rate of crystallization. G. Zammann. 
Zeit. phys. Chem. 28, 95 (1899). — A reply to Kiister (preceding review). The 
author presents the two alternatives: ‘‘ Either we assume that the temperature 
at the surface of the crystals is that of the melting-point in which case the 
change of the rate of supercooling is to be explained in some other way or we 
may assume that the temperature of the surface of the crystals is lower than 
the melting-point and that this difference increases approximately proportionally 
to the supercooling in which case, judging from general experience, we should 
expect to have the rate of crystallization decrease with increasing supercooling. 
The author explains why he thinks that Kiister is wrong in rejecting the first 
hypothesis. 
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To the reviewer this whole discussion seems like the crackling of thorns 
under a pot. To one who is outside the fray, it seems as though the tempera- 
ture at the surface between the crystals and the melt were probably not that of 
the melting-point though the heat given out during freezing would tend to 
raise the temperature. If we eliminate this heat effect by conduction we shall 
then have two effects to consider. With increasing supercooling the liquid 
becomes more instable as shown by the increasing difference between the stable 
and metastable vapor-pressures. This factor, acting alone, would cause increas- 
ing reaction velocity with increasing supercooling. On the other hand all reac- 
tions run more slowly at lower temperatures. The final result is due to both 
these causes plus the evolution of heat as the melt solidifies. W. D. B. 


Catalytic actions on the oxidation of hydriodic acid with bromic acid. \. 
Schilow. Zeit. phys. Chem. 27, 513 (1898). — The reaction HBrO, + 6HI 
HBr — 3H,O + 31, is hastened or retarded by the presence of other substances. 
A definite mixture of solutions of potassium bromate and iodid and acetic acid was 
made up and portions were poured into test-tubes containing the substances to 
be investigated. The reaction went so slowly that the effects could be judged 
qualitatively by the change of color (iodin freed). A large number of inorganic 
acids and salts and organic substances were thus tested. The list is very long; 
no general conclusions were drawn from it. More substances hastened than 
slowed the reaction, many had no effect. The effects of potassium chromate 
and molybdate were measured quantitatively. Curves are given showing the 
course of the reaction with varying concentrations of the catalysor. Ostwald 
has shown that the acceleration may be defined as //¢, —//¢, where ¢, is the time 
required to reach a certain stage of the reaction without the catalysor and /, is 
the time required to reach the same stage with the catalysor. Using this 
formula, other curves are given showing the relation between the catalytic effect 
and the concentration of the catalysor. From these it is at once apparent that 
the relation is not a simple one. In the case of the molybdate it seems to be a 
logarithmic function. a. &. &. 


The reaction between potassium permanganate and hydrochloric acid under 
the influence of catalyticagents. /. Wagner. Zeit. phys. Chem. 28, 33 (7899). 
— Reviewed (3, 48) from the author’s Hadilitationsschrift. 


Electromotive Forces 


Some electrochemical and thermochemical relations of zinc and cadmium 
amalgams. 7. W. Richards and G. N. Lewis. Proc. Am. Acad. 34, 87 
(1898); Zeit. phys. Chem. 28, 7 (1899).— The authors write the Helmholtz 
dE aT 
E—-h T 


formula for electromotive force and heat effect in the form where / 


Q 


ae If Q is not a temperature function, this integrates to E —KT + / and 
= 


differentiates to 3E/OoT=K. In other words the change of the electromotive 
force with the temperature is a constant provided the heat effect is not a tem- 
perature function. 

For cadmium amalgam cells the observed values are one to three percent 
higher than the calculated values up to and including the nine percent solution. 
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The ratio of electromotive force to the absolute temperature remains practically 
constant up to the nine percent solution, having a value of about 0.000048 
volt/degree. With a ten percent cadmium amalgam there were marked varia- 
tions in the electromotive force and in the temperature ratio. Experiments 
with cadmium sulfate and cadmium iodid as electrolytes showed that the elec- 
tromotive force was independent of the anion. 

Measurements were also made with cadmium amalgam against metallic 
cadmium, and with zinc amalgam against metallic zinc. From these data the 
heats of amalgamation were calculated. For zinc a value of —2255 cal is ob- 
tained while Favre found —2100 cal by thermochemical measurements. 

The authors point out that the potential of a saturated zinc amalgam differs 
by not more than a few thousandths of a volt from the value for pure zinc while 
a saturated cadmium amalgam may differ by a twentieth of a volt from that of 
the pure metal. They interpret this as showing the inaccuracy of the statement 
that ‘‘the potential of a saturated amalgam may be considered the potential of 
the pure metal.’’ If they had worded their statement, as it should have been 
worded, that the potential of an amalgam saturated with respect to the metal 
may be considered the potential of the pure metal, the discrepancy would have 
disappeared and they would have drawn the conclusion, already established by 
the experiments of Mazotto and of Jager that the solid phase in a saturated 
cadmium amalgam is not pure cadmium. 

Simply for the historical value it may be well to state that the paper by 
Cady (2, 551) though published practically simultaneously with this paper was 
completed subsequently to it. A comparison of the two papers shows clearly 
the harm done by the policy of isolation too prevalent in American Universities. 
Each paper wonld have been improved if the author had been familiar with the 
contents of the other. To cite merely one instance in each case, Cady’s 
method of determining whether the heat effect was or was not a function of the 
temperature is distinctly inferior to that adopted by Richards and Lewis, while 
the latter have failed to recognize that their calculated values for the amalgam 
cells should be corrected for the temperature coefficient. W. D. B. 


On the change of the free energy in molten halid compounds of some heavy 
metals. V’. Czepinski. Zeit. anorg. Chem. 19, 208 (1899).—The fused 
halids were electrolyzed for a few minutes between carbon electrodes and then 
the electromotive force of polarization determined. This gives approximately 
the value for a cell with a metallic and a halogen electrode, the salt being elec- 
trolyte. Measurements were made between 300° and 750°, the limiting tem- 
peratures varying with the fusibility, volatility and stability of each salt. With 
zine chlorid the electromotive force dropped continuously from 1.576 volts at 
408° to 1.21 volts at 728°. From these data a value of 94.51 cal is obtained for 
the heat of formation of zinc chlorid. With zinc bromid the electromotive force 
varies continuously from 1.349 volts at 340° to 0.853 volt at 670°; with lead 
chlorid from 1.271 volts at 466° to 1.022 at 786°; with lead bromid from 1.132 
volts at 310° to 0.808 volt at 740°; with silver chlorid from 0.911 volt at 460° 
to 0.795 volt at 750° ; with silver bromid from 0.813 volt at 440° to 0.492 volt 
at 730°; with silver iodid from 0.619 volt at 320° to 0.495 volt at 740°. In ad- 
dition to these data the author calculates the heat of formation for each salt 
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and, in some cases, the heat of fusion of the metals. The electromotive forces 
are given to tenths of millivolts without comment ; but it seems almost impos- 
sible that any of the values should readily be accurate to millivolts. 

The author has also measured the cells Zn | ZnCl. | PbCl. | Pb and Zn | 
ZnBr, | PbBrz | Pb, everything being liquid. The values of the first cell remain 
practically constant at 0.25 + 0.01 V, while the temperature changes from 367° 
to 688°. The values of the bromid cell are 0.229 V at 434° and are only about 
0.038 V at 651°. If it were not for the volatility of the zinc bromid it was 
probable that a reversal of the current could be obtained. W. Dz. RB. 


On the change of the free energy in molten halid compounds of some heavy 
metals. A. Lorenz. Zeit. anorg. Chem. 19, 283 (7899).— Commenting 
on the paper of Czepinski (preceding review) Lorenz points out that for 
a wide range of temperatures the difference between the electromotive 
forces of polarization for two metals is practically equal to the electromo- 
tive force of the Daniell combination for those metals. In other words 
M, | M,X | X | M.X | Mz is practically equal to M, | M,H | MeX | Mz. This is 
discussed at length but not very successfully. It is pointed out that the most 
natural assumption would be that the potential difference between the solutions 
is zero; but if this is the case we must assume that the dissociation of zinc 
chlorid is equal to the dissociation of lead chlorid and that the dissociation of 
zine bromid is equal to that of lead bromid, otherwise the potential difference 
X | M,X cannot be equal to that X | MeX. This leads to the conclusion that 
the value of the chlorid cell must be equal to that of the bromid cell, which is 
not the case experimentally. Here the author has overlooked the possibility — 
made probable by the deductions of Luther — that the solution pressure of zinc 
in zine chlorid is not the same as the solution pressure of zinc in zine bromid. 

It is pointed out that the heats of formation of the fused salts as calculated 
from Czepinski’s data are practically constant over the whole range of tempera- 
tures. The author therefore applies the van 't Hoff formula for the change of 
the equilibrium with the temperature comparing the ratios of the equilibrium 
constants between two pairs of temperatures. W. D. B. 


The contact-potential between metals and fused salts, and the dissociation 
of fused salts. C. McC. Gordon. Proc. Am. Acad. 34, 59 (1898); Zeit. 
phys. Chem. 28, 302 (7898 ).— The author has measured concentration cells con- 
sisting of two solutions of silver nitrate in potassium nitrate at the temperatures 
‘of 232° and 298°. In view of the fact that in aqueous solutions the transfer- 
ence number approaches 0.5 with rising temperature, the author feels justified 
in making the explicit assumption that the potential difference may be con- 
sidered zero. In view of the conductivity of fused potassium nitrate it would 
seem as though this conclusion could stand even if the transference number for 
silver nitrate should be proved not to be 0.5. On the assumption of complete 
dissociation the electromotive force of such a cell can be calculated from 
Nernst’s theory or assuming Nernst’s theory the dissociation can be calculated 
from the electromotive force. With the solutions containing 0.1 percent and 1 
percent silver nitrate the value found at 232° was 0.100 V, while the calculated 
value was 0.101 V ; at 298° the found and calculated values were 0.110 V and 
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0.114 V respectively. The variation in the latter case is probably due to the 
fact that this cell did not remain constant, possibly owing to the direct action 
of silver on the nitrates at this temperature. The author determined the densi- 
ties of the solutions and used volume concentrations in his calculations. 

From measurements of the 0.1 percent solution against 50 percent and 100 
percent silver nitrate solutions, the author calculates dissociations of 69 percent 
and 58 percent respectively. It appears to the reviewer that there has been 
made the tacit assumption that the solution pressure of silver in fused silver 
nitrate is the same as in fused potassium nitrate, an assumption that is rendered 
improbable by the theoretical treatment of Luther. It is quite possible, how- 
ever, that the correction to be applied is small in this particular case. 


W. D. B. 


Electrodes of the third class. XR. Luther. Zeit. phys. Chem. 27, 364 (1898). 
— By having two solid phases it was possible to make an electrode that may be 
considered as reversible with respect to a metal of the alkalies or of the alkaline 
earths. A lead electrode dipping into a solution of calcium chlorid saturated 
with respect to lead and calcium sulfates is an instance of this type. The 
product of lead as ion and sulfate as ion is constant owing to the presence of 
solid lead sulfate. The product of calcium as ion and sulfate as ion is constant 
owing to the presence of solid calcium sulfate. Therefore the ratio of lead as 
ion to calcium as ion is constant, and if we may ignore the concentration of 
calcium sulfate with reference to the concentration of calcium chlorid the con- 
centration of lead as ion will vary directly and the electromotive force will 
vary inversely as the concentration of dissociated calcium chlorid. 


W. D. B. 


On concentration cells with indifferent electrodes. A. Schaum. Zeit. 
Elektrochemie, §, 316 (1899). — If an oxidation reduction cell be made up in 
which the oxidizing agent changes into the reducing agent and vice-versa, the 
total heat effect is zero and the electromotive force must therefore be propor- 
tional to the absolute temperature. Such a cell would be a dilute and a con- 
centrated solution of mercuric chlorid with platinum covered with mercurous 
chlorid as electrodes. W. D. B. 


Behavior of the polarization in electrolytes from ordinary pressure up to 
about one thousand atmospheres, &. Frederico. Nuovo Cimento, (4) 8, 745, 
4og (1898). —The electrodes were of platinum, not platinized, 230 « 8 mm. 
The electromotive force of polarization for 8 percent sulfuric acid as measured 
increased from 1.911 volts at one atmosphere to 2.024 volts at 987 Atm; for 10 
percent nitric acid the values are 1.752 at 1 Atm and 1.787 at 970 Atm; for 10 
percent hydrochloric acid 1.313 at 1 Atm and 1.351 at 995 Atm. W.D. B. 


Relations between the solubility and heat of formation of electrolytes. CG. 
Bodlinder. Zeit. phys. Chem. 27, 55 (1898).— Next to nothing is known as 
to a connection between the solubility and other properties of a substance. 
Nernst has shown that a limit to the solubility of an electrolyte may be calcu- 
lated from the potential requisite to separate the ions out of solution. For ex- 
ample, if a normal solution of silver iodid could be obtained it would break 
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down into silver and iodin with a development of 0.26 volt. Therefore so strong 
a solution cannot exist. The author's purpose is to demonstrate that the solu- 
bility may be accurately calculated if, besides the potential requisite for the 
separation of the ions out of the solution into an electrically neutral state, ac- 
count is taken of the potential involved in the separation of the solid substance 
into itsions. If a saturated solution of an electrolyte containing an excess of 
the solid, is electrolyzed, the concentration of the solution does not alter, and 
the process is simply one of separating the solid substance into two components. 
The potential required is then a measure of the firmness with which the 
products of the electrolysis are held together in the solid. Use is made of 
Nernst’s formula for determining the potential necessary to electrolyze a sub- 
stance from the pressures of solution and the concentrations of the ions in the 
solution, and of Thomson's rule that the heat of formation of a compound is 
proportional to the potential necessary to disintegrate it, and a formula is de- 
rived expressing the solubility in terms of potential and heat of formation. The 
derivation cannot be given in a review, but the formula resulting is, 


s ‘ Q : : 
0.116 (0.087, 0.058) log Pp = Ea — Ex ~.. where Ea and Ex are the poten- 
230 


tials needed to separate out anion and cation respectively, Q is the heat 
of formation of the compound and / is the concentration of the ions in 
solution. The number by which log f must be multiplied depends upon the 
valence of the ions in question. The values for Ea and Ex being known and 
also the value of Q for the salt, the solubility is calculated and compared with 
the solubility actually found. The author did not carry out any experiments 
and confines himself to data furnished by others, tabulating the results of his 
calculations and of experiment side by side. The agreement is by no means 
complete, but it may be said that although different pairs of values are widely 
apart in absolute size, the values which should be the same are without excep- 
tion of the same magnitude. Some apparent exceptions are explainable by the 
abnormal behavior of certain substances in solution. For example, cadmium 
iodid does not give cadmium and iodin ions, but probably forms complex ions 
such as CdI,. Again in the case of substances such as bromin and chlorin the 
heats of liquefaction and vaporization must be brought into the calculation and 
prevent plain sailing. Other special details must be considered in other cases. 
When this has been done, even these exceptions show an approximate agree- 
ment between the results of calculation and of experiment, so the author feels 
justified in his theory by the facts. 

The results are summed up in two rules applicable to electrolytes of small 
solubility. (1) ‘‘ The greater the tendency of the acid radical to go from the 
electrically neutral state into the state of ions, the greater is the solubility of 
salts of one and the same metal with that acid."’ (2) ‘‘ The greater the ten- 
dency of the metal to go from the electrically neutral state into the state of 
ions, the greater is the solubility of salts of one and the same acid with that 
metal.’ The difficultiy solubie halogen salts furnish an example of the first 
rule ; iodin having the least tendency to form ions, the iodids are the least solu- 
ble. Further, sulfids are less soluble than the difficultly soluble halogen salts, 
conforming to the yet smaller tendency of sulfur to ionize. The series of the 
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sulfids serve as an example of the second rule. Metals which decompose water, 
so great is their tendency to go into the state of ions, form soluble sulfids 
Metals which generate hydrogen only from acids, as iron and zine, form sulfids 
little soluble in water but soluble in acids. The other metals from copper to 
gold have so slight a tendency to ionize that their sulfids are soluble only in 
nitric acid or aqua regia. It is not new and original with the author however, 
that the order in which metals arrange themselves according to their potentials 
in contact with solutions containing their ions, is both the order in which they 
are precipitated by a gradually increasing electromotive force, and the order in 
which their sulfids are precipitated by hydrogen sulfid. 

$y a rearrangement of the formula it is shown how, from the heats of 
formation of salts and the potentials required to electrolyze them, it may be 
calculated which salt of the same base with two acids, or of the same acid with 
two bases, is the more soluble. This is of especial interest in the case of the 
halogens. as it offers a plausible explanation of the fact that the order of 
solubilities of the difficultly soluble halogen salts is exactly reversed for the 
readily soluble salts. Fluorin has been considered as abnormal and not thor- 
oughly fitting in the series of halogens because silver fluorid is soluble and the 
other silver salts are commonly spoken of as insoluble. It is shown that the 
solubility of the silver salts increases rapidly (about 1300 times) from the iodid 
to the chlorid, and so the further increase in passing to the fluorid, so far from 
establishing an exception, is but a remarkably good example of the regular 
change of a given property from one member to the next of the halogen group 


&. £. &. 
The electromagnetic effect of electrolytic current. S. She/don and G. M 
Downing. Phys. Rev. 7, 124 (1898).— The authors endeavor to obtain by the 


usual ballistic method the magnetic effect of electrolytic currents. Their 
method is to replace the primary coil on a closed iron ring by a suitable length 
of rubber tube containing sulfuric acid of maximum conductivity which would 
give the same number of ampere turns. It was impossible for them to detect 
any difference between the current as conducted through copper wire or 
through the electrolyte. They discuss their results from two points of view, 
that of electrolytic conduction as we understand it to be due to the travelling 
of oppositely charged ions and that of metallic conduction which they think 
cannot be due to this but to some possible etheric stress. Their results throw 
no light whatever upon the complex question of the nature of conduction, in- 
deed they are what we would expect regardless of any assumption as to how the 
electricity was conveyed. Thereis moreover a tendency now to regard metallic 
conduction from the ionic standpoint. Whether this is so or not must be 
shown by further experiment. Mm. 7. 8. 


On the fall of potential at the surface of a metal when exposed to the dis- 


charging action of the X-rays. C. D. Child. Phys. Rev. 6, 285 (1898. — Re- 
viewed (3,60) from Wied. Ann. 65, 152 (1898). 


On a new accumulator. 7. Borntriger. Zeit. Elektrochemie, 5, 324 
(7899). — A very effective accumulator plate may be made by pressing a mix- 
ture of spongy lead and lead peroxid into a lead lattice-work. The pressure is 
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about roo Atm on the frame and 5-10 Atm on the intervening spaces. Attention 
is also called to the advantages of spongy lead and of lead peroxid as reduc- 
ing and oxidizing agents. W.D. B. 


On the removal of lead sulfate and the working up of lead residues in accu- 
mulator factories. H/. Borntriger. Zeit. Elektrochemie, 5, 325 (1899).— 
According to the author the only satisfactory way of cleaning accumulator 
plates is to fasten each to two zine plates and let the whole stand twenty-four 
hours or less in twenty-five percent hydrochloric acid. To work up lead resi- 
dues add twenty-five percent hydrochloric acid, heavy zinc plates and shake 
occasionally. The products are metallic lead, zinc chlorid and zine sulfate. By 
adding barium chlorid to the solution, one gets dissolved zine chlorid, which 
can be used for preserving wood, and precipitated barium sulfate. W. D. B. 


A new interrupter for laboratories. /. Dessauer. Zeit. Elektrochemie, 5, 
357 (1899). — The vibrating spring makes two contacts, cutting out the electro- 
magnet at the end of each swing instead of at the end of each double vibration. 
The contact is made half way down the spring instead of at the end. The 
principle seems an excellent one, as the spring need only vibrate one-half as 
fast as in the ordinary instrument. W. D. B. 


On a new form of capillary electrometer. G. Vanni. Nuovo Cimento, 
(4) 7, 393 (7898). — Reviewed (2, 515) from Rend. Accad. Lincei, (5) 7, I, 309 
(1898). 


Electrolysis and Electrolytic Dissociation 


A new determination of the electrochemical equivalent of silver. G. W. 
Patterson, Jr.,.and K. EF. Guthe. Phys. Rev. 7, 257 (1898).—The present paper 
is a record of a series of cxperiments made by the authors to determine the 
electrochemical equivalent of silver and to obtain also an absolute measurement 
of the Clark cell. As a current-measuring instrument they use a type of 
British Association electrodynamometer designed by themselves. Their method 
briefly consists in balancing the force between the suspended and fixed coils by 
means of the moment of torsion of a phosphor-bronze suspension. The current 
through the dynamometer also passes through a known resistance. The difference 
of potential in the resistance is compared with two Carhart Clark cells on a 
suitable potentiometer. Two silver voltameters can also be included in the 
circuit. Their final value for the electrochemical equivalent of silver is 
0.011192. This is almost exactly 1 in 1000 larger than Lord Rayleigh’s and the 
later determinations of Kahle. 

The observations given by the authors agree very fairly well and altogether 
the work seems carefully done, except perhaps the use of pine wood in the con- 
struction of the fixed coil of the dynamometer. As the dimensions of this coil 
are of such fundamental importance it would have been better to use some 
material that would not have shrunk so. At present no direct measurements 
are given for the E.M.F. of the Clark cell, but the work is to be continued with 
a view to studying this most important value. i. 7.8. 


Determination of migration velocities by electrolysis of dilute salt solutions, 
W. Bein. Zeit. phys. Chem. 27, 7 (1898). — The author points out that since 
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1859 when Hittorf published his results there have been no systematic investi- 
gations of the velocities of migration of the ions, in spite of the need of accurate 
measurements of these values. Owing to the vastness of the subject he confines 
his measurements to a few more important salts and a study of sources of error 
in such measurements. Errors may be caused by reactions at the electrodes, 
by membranes in the solution, by diffusion, by electrical spreading through the 
solution of a product of the electrolysis and by the nature of the solvent. A 
lengthy chapter is devoted to a consideration of this spreading of one of the 
products of electrolysis and a very complete review is given of work that has 
been done on this subject. Where one of the ions is colored, or may be made 
visible by means of a suitable indicator, the rate at which the color progresses 
through the liquid has been used by a number of investigators to determine the 
velocity of migration. The author concludes that this method leads to accurate 
results only under certain definite circumstances. A number of color changes 
are mentioned which lend themselves well to qualitative experimental demon- 
strations of the movements of ions in solutions. The apparatus used is care- 
fully described and illustrated with cuts. The anode and cathode were in 
separate vessels connected by tubes of varying lengths. No membranes were 
used. In some instances the length of the connecting tube was 50 cm. 
The high resistance was no great obstacie, as a potential of 110 volts was em- 
ployed. During an experiment the whole apparatus was in a large water-bath. 
Tubes in this allowed the vapor of some boiling liquid as acetone, ethyl alcohol 
or water to be used for heating. The temperature was constant within 1 to 2 
degrees and was varied in different experiments from 0° to about 97°. At the 
end of the experiment connection was broken between the two vessels by a stop- 
cock, or by a pinch-cock on a bit of rubber tube, or by raising the level of a body 
of mercury causing some to flow in and divide the solution. The anode or the 
cathode solution or both were analyzed for the results. It is found that a 
cadmium anode absorbed some chlorine, probably precipitated as a basic salt 
during the electrolysis, although no change was apparent in the appearance of 
the anode. A correction had to be made for this or no accurate results could 
have been obtained. Experiments were carried out with fifteen different chlorids, 
a few iodids and bromids, some sulfates, nitrates and carbonates, acids and 
alkalies. A few of the more interesting results were as follows: Contrary to 
Hittorf’s observations, no change was found in the rate of migration with the 
concentration, in a range of 1/5-1/200 normal HCl. In the case of NaCl also the 
rate of migration was unchanged for a range of concentration from 1/3-1/200 
normal. In the case of HCl an increase of temperature increased the rate of 
migration ; in the case of NaCl it diminished it. In the cases of KCl and LiCl 
temperature seemed to have no effect. The results with acetate of silver were 
different and higher than those obtained by Nernst and Hittorf. The results 
with sulfuric acid differed widely from Hittorf's. But it is not possible to do 
justice to such a wealth of experimental data in a short review, and one inter- 
ested in the subject must read the original. SL. B. 


Electrolytic reduction of »-nitrotoluene. A. Rohde. Zeit. Elektrochemie, 
5, 322 (7899).— To make m-azotoluene start with Io g m-nitrotoluene, I g 
sodium acetate and 250 cc of 70 percent alcohol. Pass in 7.9 ampere-hours 
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making the current density D,), = 7-8 amp. The vield is ninety percent of the 
theoretical. Tomake m-hydrazotoluene pass in ten ampere-hours, keeping every- 
thing else the same. To prevent oxidation, cool and add water until no more cil 
separates, then break the circuit. The author did not succeed in getting the 
m-hydrazotoluene to crystallize, though he believes that it can be done. 


W. D. B. 
On the electrolytic conductivity of pure substances. A. Abcgg. Zeit. 
Elektrochemie, §, 353 (1899). —Judging from experience three essential fac- 


tors for the conductivity of pure substances are a high dielectric constant, no 
polymerization, and components which can assume electric charges. These 
three requisites are present in fused salts. The associating effect of a solvent is 
evidently increased by a high dielectric constant and marked polymerization ; 
hut it is clear that other factors have to be taken into account. W.D. B. 


On conduction in mixed salt solutions. //. Hoffmeister. Zeit. phys. Chem. 
27, 345 (1898). — The amount N of any univalent ion which passes through a 
given cross-section in unit time under the influence of a definite current is 
given by the formula: N = UeC . , where U is the velocity of the ion, C its 
concentration, e the electrostatic charge, I the strength of the current, and \ the 
conductivity of the solution. Since N can be measured analytically this equa- 
tion can be used as a means of determining C. This equation has been applied 
to mixtures of silver nitrate and nitric acid and of sodium acetate and acetic 
acid. With silver nitrate and nitric acid it was found that when either was 
present in excess, the dissociation of the other was forced back ; but that there 
was little relative change when neither electrolyte was present in excess. With 
sodium acetate and acetic acid it was found that the acetic acid practically took 
no part in the conduction, the dissociation having been forced back so com- 
pletely by the sodium acetate. W. D. B. 


Comment on the preceding paper of Herr Hoffmeister. 47. Jahn. Zeit. 
phys. Chem. 27, 354 (7898). — It is pointed out that A» AJ, is a measure of the 
dissociation only in case the migration velocities are independent of the con- 
centration. [This is never the case when the transference number is a function 
of the concentration and is not necessarily so even when the transference nuin- 
ber is a constant.] The author considers that the cause of a variation in the 
migration velocities of the ions is to be found in the mutual action of the elec- 
trostatic charges of the ions and, for this reason, he considers that no improve- 
ments in methods of measuring conductivity can ever enable us to verify 
Ostwald's dilution law for strong electrolytes. W. D. B. 


Experiment on electrolytic conductivity without electrodes. //. Pehn. 
Zeit. Elektrochemie, 5, 402 (1899).— The author has measured the currents 
induced in a closed ring containing an electrolytic solution by the oscillating 
magnetic field of a transformer. No reference is made to Boys and Guthrie. 


W. D. B. 
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ELECTROLYTIC DISSOCIATION AND TOXIC EFFECT 


BY J. F. CLARK 
I. INTRODUCTORY 


The object the writer had in view in undertaking the in- 
vestigation, the results of which are presented in this paper, was 
to determine approximately the relative and absolute toxic 
properties of a few deleterious agents as shown by their influ- 
ence on the spores, the mycelium, and the fructification of cer- 
tain of the mold fungi. 

In recent years the study of plant pathology has come to be 
one of the most important in the whole range of botanical re- 
search. It seems desirable, therefore, that all possible light 
should be thrown on the toxic properties of the various agents 
used in combating fungous pests. It is also very desirable from a 
scientific point of view, to throw all light possible on the problem 
as to the e/ement or group of elements to the influence of which 
the toxic properties of the compound are to be attributed. 

It has been the aim of the writer to supplement the excel- 
lent work of Drs. Kahlenberg, True," and Heald? on phanero- 
gams and Drs. Kronig and Paul? on bacteria by applying the 
theory of the electrolytic dissociation of the molecule to the 
study of the physiology of the effect of toxic agents on the mold 
fungi. 

II. METHODS 


1. Selection of Forms.—In selecting forms the following 
points were given particular consideration: (a) regularity of 


germination, (b) ability to grow normally in a liquid medium, 


(c) ability to fruit normally in a saturated atmosphere. After 





' Bot. Gaz. 22, S81 (1896). 
? Ibid. 22, 125 (1896). 
* Zeit. f. Hygiene u. Infect. 25, 1 (1897). 
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experimentation with a large number of forms the following 
were chosen as being very well suited for the work : Asperg7//us 
flavus Link, Sterigmatocystis nigra v. Tieghem, Gdocephalum 
albidum Saccardo, and Penicillium glaucum Vink. Botrytis 
vulgaris Fr. was afterwards chosen as a fifth form, it being en- 
tirely satisfactory in regard to germination and mycelial devel- 
opment and especially desirable on account of its semi-parasitic 
habit. It, however, failed to fruit in cell cultures. Pure cul- 
tures of these fungi were obtained and renewed from week to 
week. The spores used in inoculating the cultures in the ex- 
perimental work were taken from fresh tubes in which the fun- 
gus had been growing seven to fourteen days. <A solid me- 
dium made by adding twelve grams of agar to a liter of sugar 
beet infusion was found to be very satisfactory for stock cultures. 

2. Selection of Medium.—'The object being to test the 
effect, of the deleterious agents on the fungi when growing in as 
nearly normal conditions as possible, the selection of a suitable 
medium became a very important matter. Many preliminary 
cultures were made with various media, including distilled 
water, infusions of potato, celery, sugar beet, prune, and bean 
(stems, pods, and mature seeds), besides various others com- 
pounded from inorganic salts, sugars, asparagin, etc. The re- 
sults in germination and development were very varied. In 
distilled water Sterigmatocystis and Penicillium failed to germi- 
nate in 24 hours and none of the five forms germinated more 
than 4o percent. Mycelial development was meager, and fruit- 
ing generally #z/. Very minute quantities of the deleterious 
agents were found to inhibit germination, but the death-pornt of 
the spore was found, in the case of dichloracetic acid, potassium 
hydroxide, and cobaltous sulphate, to be the same in pure water 
as in the medium finally selected. The media compounded 
from salts, sugars, ete., were more satisfactory; the vegetable 
infusions, however, were superior to all others. An infusion of 
the sugar beet was ultimately chosen and used throughout the 
work. It was made by steeping 450 grams of the root, sliced 
thin, in a liter of water for three hours at roo° C. After strain- 
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ing and cooling, the whites of several eggs were added and it 
was again boiled, then strained, filtered, and poured into flasks. 
After thorough sterilization the infusion was ready for use. In 
order to get the greatest possible uniformity it was found de- 
sirable to make up four or five liters at a time. In this medium 
the spores of the forms selected germinated in from 3 to 8 hours 
and with great uniformity, grew rapidly, and fruited normally 
(except Botryt7s) in from 18 to 48 hours at a temperature of 
28° C. 

3. Method of Culture.— The van Tieghem hanging-drop 
culture was found to be entirely satisfactory. The cylinder 
part, which was of glass, had an internal diameter of 17.5 mm 
and was 10.7 mim in ‘height. This provided an abundance of 
oxygen for the normal development of the fungi. The cylin- 
ders were cemented to the slip by means of beeswax, and the 
covers were sealed to the cell by means of a ring of vaseline ap- 
plied to the top of the cell by inverting it on a glass slip covered 
by a thin layer of melted vaseline. A simall nick was made in 
this ring so that when the cover was applied a minute opening © 
might be left through which the expanding air could pass when 
the cultures were placed in the thermostat at 28° C. An hour 
later they were carefully examined and such as had not already 
become hermetically sealed were now made so by tapping witha 
pencil over the tiny opening referred to above. This precaution 
prevents much trouble and loss when culturing with volatile 
substances. For convenience in handling and examining under 
the microscope two cells were placed on each slip. The cells 
were permanently labeled by gumming lettered and numbered 
labels to the ends of the slips. Asa precaution against accidents 
duplicate cultures were never placed on the same slip. 

The various dilutions in beet infusion of the compound to 
be tested were made up in a dozen or more bottles of about 30 
cc capacity. Each bottle was provided with a glass rod, drawn 
to a blunt point, by means of which the culture drop was trans- 
ferred toa cover. Four or five drops of the same solution were 
then placed in the bottom of the cell. The spores of the fungus 
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to be tested were transferred from a pure culture to the hanging- 
drop by means of a sterile platinum needle, the utmost care be- 
ing taken to prevent the adherence of the spores in bunches in 
making the inoculation. The cover bearing the culture was 
then inverted on the cell and gently pressed until completely 
closed except for the minute opening already fully described. 
When a set of cultures was complete all were placed in a_ther- 
mostat which was kept at a constant temperature of 28° C. 

4. Care of Cells, Covers, Pipettes, etc. — After the comple- 
tion of a series of cultures all bottles, rods, etc. were thoroughly 
washed and placed in running water for several hours, then dried 
and placed ina dry oven at 160° C. When the cultures in the 
cells matured, the covers were removed and the cells were thor- 
oughly washed under the water tap, wiped, air-dried, and finally 
placed in a dry oven at from 110°-120° C for an hour. This 
gave thorough sterilization, and at the same time drove off the 
last trace of any volatile substance which might have escaped 
the washing. The covers were first boiled in strong KOH, then 
in several changes of water. This was followed by boiling in 
strong H,SO,-- K,Cr,O., they were then thoroughly rinsed, 
and again boiled in four changes of clear water, rinsed in 95 per- 
cent alcohol, wiped, and sterilized at 160° C. The pipettes were 
cleaned by forcing water through them for an hour by attach- 
ing to a water tap. They were then sterilized in a steam 
sterilizer. 

An occasional culture was found to be contaminated by 
bacteria, due no doubt to dust particles bearing spores coming in 
contact with the culture in the making. Such contamination, 
however, by bacteria or fungi amounted to less than one per- 
cent of the cultures made up after completion of preliminary 
experimentation. 

5. Vapor Pressures in the Cell—— It has long been known 
to physical chemists that every liquid has a certain vapor pres- 
sure. Previous experimenters, testing the toxic properties of 
aqueous solutions of various substances by means of the hanging- 
drop culture, have, strange to say, overlooked this very important 
matter. This fundamental error led to much difficulty in 
manipulation and caused exceedingly erratic results. The diffi- 
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culties of making hanging-drop cultures containing, say, 10 per- 
cent alcohol or potassium hydroxide when there is a drop of 
water in the bottom of the cell, will be very evident to the 
reader. The very erratic character of the results to be expected 
is well shown by a test of spores of Wacrosporium in solutions of 
mercuric chloride.*. In a solution of 2/819200 HgCl,, three cul- 
tures grew and one failed; of eight cultures in #/409600, five 
grew and three failed ; of ten cultures in 1204800, four grewand 
six failed; of four cultures in #/ 102400, one grew and three failed. 
This irregularity of germination was doubtless due to two fac- 
tors, viz. variations in the size of the hanging-drops and varia- 
tions in the quantity of water below. Were it possible to have 
all hanging-drops of exact/y the same size, and exactly the same 
quantity of water in the bottom of the cells we should get 
uniformity in results. Such uniformity, however, would be use- 
less, perhaps worse than useless, in that it would tend to prevent 
attention being called to the fundamental error of the method, 
viz. the use of solutions of varying vapor pressures in the same 
cell. A strictly non-volatile or less poisonous substance would, 
necessarily, show somewhat less variation than that shown by 
mercuric chloride quoted above. The less difference there is 
between the vapor-pressure of the mixture in the hanging-drop 
and that of the water below, the slower will the error be in mani- 
festing itself by its effect on germinations. Of the volatile 
properties of HgCl, we shall have more to say later. 

In looking for a method that would meet every requirement 
of the case, many preliminary tests were made with all five forms 
of molds used and with different deleterious agents. Two such 
tests with potassium cyanide are here presented in detail. It is 
of interest to note that while KCN is not in itself a volatile 
compound, in aqueous solution more or less hydrolysis takes 
place, resulting in the formation of a corresponding amount of 
the deadly HCN,’ which is quite volatile. Hence aqueous 
solutions of KCN are in their behavior quite typical of solutions 
of volatile compounds. 


'F. L. Stevens. Bot. Gaz. 26, 377 (1898). 
? Shields. Zeit. phys. Chem. 12, 167 (1893). 
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Explanatory—Column 1 gives the culture label by means of 
which the cultures were identified; column 2 the concentrations 
of KCN in the hanging-drops of the various cultures. Column 
3 gives the solution — if any —used in the bottom of the cell. 
“Dry” implies that no water or other solution was placed in 
the bottom of the cell. Under the head “germination” the per- 
centage of spores germinated is given for three observations, at 
12, 24, and 36 hours, respectively. Under the head “develop- 
ment” the length of the germ tubes of spores showing an aver- 
age development is given in micromillimeters. 

These data not only show that cultures having wafer in 
the bottom of the cells are unreliable and vary according to the 
amount of water present, but that “dry” cells are equally un- 
satisfactory. Especial attention is called to the record of the 
cultures labeled “A 10”. Here we have a solution of KCN 
which is but one-fourth the strength of that in “Ag”, the for- 
mer, however, had several drops of the 7/128 KCN solution placed 
in the bottom of the cell, the latter had water only. The stri- 
king difference in the result needs nocomment. The results with 
Penicillium and other forms abundantly confirmed the test, and 
lead to the conclusion that when water ts used at the bottom of 
cells containing hanging-drop cultures and solutions of substances 
having very high vapor pressures are being tested, erratic ger- 
minations are to be expected; and in the case of a test of any sub- 
stance — particularly those of high or low vapor-pressure — the 
toxic properties shown will be less than a correct method would 
indicate. 

In the regular work reported in this paper, a few drops of 
the same solution as that used in the hanging-drop of any par- 
ticular cell was in every case placed in the bottom of that cell, 
thus establishing complete equilibrium of vapor-pressures in the 
cells and preventing changes in the concentration of the solu- 
tions being tested, as must take place where this precaution is 
not observed. By this means it was found quite feasible to make 
hanging-drop cultures of any composition whatever, ranging from 
16/1 (70 percent) solution of alcohol to a 47/1 (21 percent) solu- 
tion of potassium hydroxide. 
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6. Stock Solutions of Chemicals. —'These were prepared in 
each case by a responsible chemist in rather concentrated solu- 
tions. The stock solution of HCl, for example, contained 25 
grams pure HCl per roo ce. #/1-HCl contains 3.58 percent HCl 
by weight. Such a solution was gotten by taking 5 cc. of stock 
solution and diluting, by adding beet infusion, to 34.9cc. 2 was 
gotten by diluting ro cc of 7/1 to 20cc,and soon. Chemical agents 
liable to deteriorate in quality (e. gz. KCN) were titrated by the 
chemist on the morning of the day on which the cultures with 
it were made up. 

7. Trial and Regular Cultures. — Inasmuch as the work 
was, in most cases, of a pioneer character, it was found desirable 
to make up a larger number of trial cultures preliminary to the 
regular work in order to get some definite idea as to the toxicity 
of the various chemicals to this group of plants ; for it was of 
course early learned that the data worked out for the phanero- 
gams by Kahlenberg and True' and by Heald? were a contrast 
rather than a comparison when placed beside the facts learned 
by experiment from the fungi. Heald’ indeed called attention 
to this fact in 1896, when he found a fungus growing vigorously 
in a solution of HCl that had killed the root of P%swm. The 
data obtained from the trial cultures proved invaluable in 
making up the regular cultures, as it was then possible, in most 
cases, to make up a series of twelve dilutions, in No. 1 of which 
the spores would certainly be killed while in No. 12 the fungus 
would be practically unharmed. 

In the regular work all cultures were made up in duplicate, 
including duplicate checks in pure beet infusion. Important 
points were quite frequently checked over in duplicateand some- 
times in quadruplicate. This was also done in the case of wz- 
expected developments ; for instance, the writer was surprised to 
find the spores of Penice//ium showing so great a specific resist- 
ance to acetic acid. Repeated checking, however, proved the 
correctness of the first observation. 


' Kahlenberg and True, loc. cit. 
? F. D. Heald, loc. cit. 
* Tbid., p. 130. 
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One of the most marked features of the entire work was the 
regularity in results. It is true that the cultures nearest the 
inhibiting point in a few cases varied to the extent that germina- 
tion of a number of spores took place in one culture while the 
duplicate failed. Such were not considered erratic. If, how- 
ever, both cultures of a certain strength grew and one of some 
weaker concentration failed, the latter would be considered 
“erratic”. Such erratic cultures, however, did not number a 
dozen in a work requiring upwards of forty-five hundred regular 
cultures, aside from preliminary work. Such as did occur were 
no doubt due to oversight in cleaning cells or to other accident. 

8. Examination of Cultures, Noting Results, etc., — Cul- 
tures were made up in the early part of the day, and were ex- 
amined at intervals of from 3 to 6 hours for the fourteen hours 
following and at longer intervals until the fungus had matured 
or the spores in the cultures which had failed to germinate, were 
transferred to pure beet infusion to test their vitality. The per- 
centage of spores germinated in the various cultures was noted 
on two occasions, first when from 30 to 70 percent of those in 
the checks had germinated and again a fewhours later. A simi- 
lar method was adopted to indicate the early mycelial develop- 
ment. At some time after germination the germ tubes showing 
an average development were measured and noted; this was re- 
peated a few hours later, and sometimes a third measurement 
was made. The first appearance of conidia was also noted, but 
as this very frequently occurred at night (between 15 and 22 
hours after inoculation) the point was not so well noted. 

In the earlier work, the cultures in which the spores /az/ed 
to germinate were opened at 72 hours' and a number of the 
spores were transferred by means of a sterile platinum needle to 
a hanging drop of pure beet infusion in a clean cell, in order to 
test whether they were killed by the agent or whether their ger- 
mination was merely inhibited. If one percent or more sur- 
vived they were classed as ¢vhzbited ; if none at all, or less than 


' Cultures in alcohol, formaldehyde, H,O,, and KCN were transferred at 72 
hours ; all others at 48 hours. 
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one per cent survived, they were classed as £7//ed. In most of 
the work, however, the transfers were made at 48 hours, it being 
found thatall spores that could germinate did so in less than 
36 hours, and usually much earlier. 

The cultures which germinated in the presence of the dele- 
terious agent were likewise divided into two classes: (1) those 
which, although they may have been retarded or stimulated in 
mycelial development by the agents, finally matured a fair crop 
of conidia in about the normal time ; (2) those which, although 
they germinated and continued to grow, presented a markedly 
irregular or retarded mycelial development, and generally failed 
to fruit. Between these two classes came —as might be sup- 
posed —a number of cultures which it was very difficult to 
classify. In some cases there would be an apparently normal 
mycelial development but almost total suppression of fructifica- 
tion. In other cases an irregular, meager, and even yeast-like 
mycelium would cause surprise by finally developing a number 
of apparently normal fruits. In general, a fungus was said to 
be “injured” by that concentration of the deleterious agent 
which prevented its classification in class 1 as above. 

In discriminating between class 3 (inhibited spores) and class 
4 (killed spores) attention is again called to the importance of 
avoiding bunches of spores in making the inoculation. In many 
solutions such bunches — doubtless containing air — float on the 
surface of the drop and fail to receive the full influence of the 
agent. Where spores from such a culture are transferred to pure 
beet infusion to test their vitality the bunch may be broken up 
in the process and the spores germinate readily while all others 
are dead. Much can be done by care in inoculating, but at 
best it is a serious source of error, and it has been on this ac- 
count and on account of the impossibility of transferring the 
spores without taking with them small quantities of theagent that 
the exhibiting point rather than the death-point has been adopted 
as the chief critical point in discussing the experimental data. 

To illustrate what has been said regarding the taking of notes 
on cultures, a typical left-hand page of the culture note-book 
(duplicate cultures omitted) is here presented. This may also 
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help the reader to understand the classification of the experi- 
mental data presented later. The opposite page was always re- 
served for more extended notes on points observed from time to 
time in the progress of the experiment. 


9. Sources of Error. — Before proceeding to a discussion of 
the experimental data it might be well to mention briefly the 
sources of error observed during the preliminary study and 
guarded against in the progress of the work. ; 

1. Xylonite cells were found to have an injurious influence 
on some fungi when used for hanging-drop cultures at 28° C. 

2. Bacterial contamination. 

3. Lack of equilibrium in vapor pressures in cells. 

4. Deterioration of stock solutions. (See details of experi- 
ment with KCN.) 

5. The use of impure vaseline in sealing cells. 

6. Use of spores of uncertain age and quality. 

7. Use of a culture medium unsuited for the normal devel- 
opment of the fungi tested. 

8. Imperfect sealing of cells, due to the raising of the cover 
by expansion of contained air when cultures were placed in the 
thermostat. 

g. Transference of bunches of spores in inoculating cul- 
tures. 


III. EXPERIMENTAL DATA AND DISCUSSION 


Details regarding the critical points (i. e. concentrations 
causing injury, inhibition, and death) of the various fungi in the 
more important of the thirty-seven compounds tested may be 
found in the diagrams, Figs. 1-4. These give in condensed 
form the various specific resistances of the different molds and it 
is hoped that they will also be useful in conveying to the reader 
by means of the eye a general impression as to the relative toxic 
powers of the various agents. It should be distinctly borne in 
mind in consulting the diagrams that each vertical line repre- 
sents a doubling of the number of molecules present in the solu- 
tions as you pass towards the right, the whole space between two 








ee 
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vertical lines representing one concentration. In the diagrams 
horizontal dashes denote that the mold was killed by those con- 
centrations ; a continuous horizontal line denotes inhibition of 
the spores ; a dotted line denotes injury, while alternating dots 
and dashes indicate that the solutions permitted practically nor- 
mal development. As has previously been stated, the dividing line 
between these last two classes is not sharp and, in some cases 
therefore, two sets of lines are used for a given concentration. 
To make the diagrams a little clearer the most dilute solutions 
that yet kill are connected by a line; the same is done with the 
most dilute solutions, that yet inhibit and with the most dilute 
solutions that yet cause injury. The letters in a vertical line 
at the left stand for the different fungi, A, S, GE, B, and P rep- 
resenting Aspergillus, Sterigmatocystis, Gdocephalum, Botrytis, 
and Penicillium, respectively. 

In the general discussion details will be omitted except 
where they are thought to be especially worthy of note, or are 
significant from a biological or a chemical point of view. 


ACIDS. 


Hydrochloric Acid, HCl, 70, 230, 614. — This acid, on ac- 
count of its very high dissociation at the critical points and be- 
cause of its very wide use in physiological and chemical investi- 
gations by other workers, has been taken asa s/andard by which 
we shall compare the others. In making these comparisons, 
HCl being the most highly dissociated of all acids, is assumed to 


+ 
represent the value of ionic H. In other words, we have, for 
the sake of getting a basis for comparison, assumed that the 9 














SEE 
7a5aR 
CE 
Fore 





| 
lJ 
ttH+4 
‘i ca re 
n 

eT Pee 


Ms. 


j4 


AWCZ 

roLar vAKGA 
| 
| 


Babe 


14 

Ttrrt 
TTTTT 
TUT e 


| 


a 
pio 


rrr 


+1INO; 

rrrry 
| 

rrr? 
pity 
rrrrt 
1] 

rere 
piypud 
rrrrt 


SQ, 
G2 

j 

! 


Ek 
> YaR 


TTITy 
Lyi 
SE EB: 
a | 
oe BY 
oe 
ee ae 
Ttert 


| 
ror 


LJ 

LL 
rtr+rt 

1 


Acetic 
DaARG 
rrr rt 
1 
ror 
pittt 
iT 
rH 


BBS we. 
}_J 
1 























a ae a 

= Salil con and 
= 

_— — — 











— ed 





—_— 








= 











— ie el 


——_— 


— tee ed 


3e 


— ad 


— — 











rer’ 
Liyud 
ae 
,rrye ++H++H 
ij i 
TTT 


Sono 


| 
J 


n 
n 


4 
\ 
rrrrt 


Di: 


rvrry 
] 


tit) 
rrrrt 


n 
j 


Li} 
BeBe | 
tidy 


J 


7r7 


pyre 
rho 
jt 


oe 
ooo 
<---> 


as 


— ie ceed 


—a 


——— 
— a ee 
— <a ee a 
— 


— se eet 


— i el 


— 
— or 
PE 


— ie —— ie ce 











} 











TT 





HCN 





— i i ed 











AC/V 


PHRGCS YARGH YHRLGHX YoOKLGOd® YALKGdD 






































— — 
— 


— = 


— <p ll 


—_ a an 


— 


—_ 


— i ed 


—— — | 


ee ee 


— — 
—$ <i ed 
— <a ape a 
— ee 


i 


pe eee tee eed 
pee ete te om 
be es 


— i i ed 











= 
a me 
~ 


— i ol 











ee 


Electrolytic Dissociation and Toxic Effect 277 
















































































+ ee = et 


= ee + 





oh] AS) sf) of] | | ot} ae So] eh] ek] oh | BSA ER 

rca 
Ar: -_- oo om © <4 4 es 
gor dite s Gee Ge em = — Se ee eee 
y CLF —_—_ — “ —p— + le coe aliees Genie: Guaclee: gadleess edlitees ealen eee 
rv Brees o> = se eae — abe — 
ee ee ee ee SS es lie: ei ee 
Ar---- SS | ee -=- ee 
t ‘a lceedibnsids cakes Aaodagtted et 
9 OER mn mr ra re se is ee suai: suaiiitoes cain: saeliiiees sulin: alien 
ge Bee abe - ah. chee. athe ee ee 
4 male dake She he he: ee - ea a 
SN Ar sre rn ot sae SS Sl oe > = 
8 Sree ee Se ee con malice: andi: anliiiens: sadiiiiemn: eal cudlilibens aud — —| 
OEP 7 ee ee ee ee ee ee 
z= Bm meee eo ee Cn ce a ee aie 
PR ee SS - S- — ee 
Fh eee ee el ae, maliens me —_ — 
Serer ee ee eee + et gam -- | <cglatllen ale —_ 
Tee oka aces ae es ees —<-ee- - ~ 
Berm ee es --t<-< - 4H 
Pen eee ee -_— so _— 
BN ars nen rrr ae ners tee “~~ 
8 See ee Ee ee eae oa = & _ 
Yer — mew ew ee ete + oe =: — _ 
cf ~ — + te ae te “7 woeee- ee — — 
“ — + _ 


SS ee ee ee ee — 





— + + wa es el 
= - 


ee — 
— ~, — eo or — > — _ —_— —_— 
98 Te td, che alls ale ce ol 














rrr 


Q Au 
phHRGrR DD 

{1 

25 a 

Liypiul 



































web DDD AE bint of solubii 
Wae-- a ee ee ee ee ee 2 = =45/ fo MM ; 
REE DDD TT TP 00 beet infusion 





Fig. 2 

















278 J. F. Clark 


| 8] | as | 49] $8] 8] fe oa |e] | ah [A] 


= 


CoSQ, MISQ, 


FEsG, 






CuI Q, 







Cu(NQL 


ZnSQ, 
YHLEGCR YPWHRKGOX YPRHRGA 


Fig. 3 











Pe. = 
“HA —+ 
QS s+ 

OE: = 


Electrolytic Dissociation and Toxic Effect 





279 





ae 
RS 





— + 
—- 
— + 
— 


— + 


— 
— 
— + <—e + 
— + tee 

— 























ee 
— + 
celia: asides, 

— = te | 
— + he 























lied Heelied eenlieee: oti. — i 
as —$ i 
——— —— eee — 
Qt ee —— te 
Peer ee & —— — 
celaalliladle: od. alt 
els ceeds cael: et eel _ 

> + ~—_ “7 
hehe ie ao ae 
~—_ — 
~_ 
~~ 
~—_ 
-—_— 
-- —_—_ 

-- 

-- —— te 
—_—— + on ed — 

—_—  —_ 





--4 


= “7 














-<—-s<= 








— < 
4 
— + 


- 
—_— + 
- 


— 
— - 
—_— + 
: 


— 


— 
—_—_— = 
~—_— 
_ - 


—_—_ = 


ee 


4 
ee 


= an 
— 


— 


rrrrt 
rlitl 


— 


— 


— = 


Litil 


rrryt 


— 
aed 
— = 

on 


— ee 


—— i 
—_— ——— = 
— i ed 
—— te 


—_—_— —— — 





























oe ed a 
= 
—_—— 
— 
—_— a 
— 
— 











+ 4 
- _ 














280 J. F. Clark 


percent of HCI which is still undissociated at the inhibiting point 


for the molds, has the same toxic value as ionic H. This is a 
purely arbitrary assumption, and the reader is requested to bear 


in mind that when we speak of the toxic value of ionic H we 
mean the zearest approach we could make to determining its 


toxic value for fungi, viz. that of 91 percent tonic H + 9g per- 
cent HCl. 

By referring to page 275 it will be noticed that the follow- 
ing “ coefficients” have been worked out for HCl with these five 
molds : 


Coefficient of injury, 70 
i ‘* inhibition, 230 
‘ death-point, 614 


se 


These coefficients mean that on az average for the five forms 
used 70/2048 of a normal solution caused distinct injury to the 
cultures, 230 2048 of a normal solution inhibited the germination 
of the spores, and 614/2048 of a normal solution killed the spores. 
The denominator, 2048 — the eleventh power of 2— has been 
used throughout this paper in determining coefficients. As a 
matter of convenience the numerator only has been expressed in 
discussing the three critical points of the various agents, giving 
as it does at a glance the correct re/ative toxicity of the agents. 
The absolute value of any coefficient may (in either mold or 
agent) be determined by simply supplying the omitted denomi- 
nator, 2048, the resulting fraction being in every case that pro- 
portion of a normal solution. In discussing the various agents 
these coefficients will be placed immediately after the chemical 
formulae in the order given. That expressing the inhibiting 
value is zta/icized to emphasize the fact that it is regarded as the 
most significant. 

On the whole, HCl was at the same time the most com- 
pletely dissociated and the least toxic of the acids tested. 

From time to time attention will be called to the wonderful 
resistance of the fungi as compared with that of the higher 
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plants to many deleterious agents. The comparison (or con- 


trast?) in resistance to ionic H is as 800 to 1, the average death- 
point for the five species of molds being #/3.3 HCl, while that 
of three species of phanerogams is 7/2740 HCl.’ 


+ 

Sterigmatocystis proved most resistant to ionic H, for al- 
though germination and early mycelial development was dis- 
tinctly retarded by 7/1024, ”/4 was required to inhibit all the 
spores, and » 2 for forty-eight hours to kill them. Cultures in 
2/16 although much retarded in early development, had produced 
at 48 hours a mycelium equal to the checks, and at 72 hours far 
surpassed them in mycelial development. Retardation of fruit- 
ing was first noticed in 7/128; #/16 required nearly double the 
time to mature its fruit as compared with the checks, while 7/8, 
the limiting culture, failed to fruit in six days. 

In the case of HCl, as in the case of all other acids tested, 
an attempt was made to determine the relative toxic value of the 
anion. The potassium salt was used. This salt becomes highly 


dissociated into K and Cl ions in moderately concentrated solu- 
tions. Ina #/4 KCl solution we find 84 percent of the salt dis- 
sociated.? Ina similar concentration of HCl 89 percent is dis- 


sociated. In the former we have K and Cl ionsand some KCI; 


in the latter, H and Cl ions and some HCl. It is evident there- 
fore that the essential difference between these solutions is the 


replacing of the H in the latter by K and the HCl by KCl in the 
undissociated portion. The significant point is that the concen- 


tration of Cl tons ts practically the same in both. The n/4 HCl 
solution is fatal to the spores of dsfergi//us, while the 7/4 KCl 
solution has practically wo ¢njurtous influence. Indeed, the 
fungus germinates, grows, and fruits normally in a solution of 


double this concentration of KCl. Hence we know that the Cl 
ion is relatively harmless to this mold. 


' F. D. Heald, 1896, loc. cit. p. 152. 
? F, Kohlrausch, Wied. Ann. 26, 195 (1885). 
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The absolute value of ionic Cl, and other weakly toxic ions, 
is, however, very difficult to determine. In the first place the 
potassium salts of the various acids are — although highly — far 
from being completely dissociated at the concentrations permit- 
ting germination of mold spores. Then, too, we are perhaps not 


justified in assuming that ionic K is entirely non-toxic ; for al- 
though K is a necessary food element for all plants, may it not 


be that great concentrations of even so good a thing as ionic K 
may be bad for fungi? Later, this will be shown to be so in the 
case with iron, an element which while absolutely necessary in 
small quantities' is quite toxic in excess for both fungi and 
higher plants. Experiments with Aspergillus and Gdocephalum 
in KCl solutions, however, enable us to say quite positively that 


for these forms the anion Cl has at most /ess than 1/32 the toxic 


value of ionic H, and may therefore be disregarded in a discus- 
sion of the toxic properties of HCl. 

Nitric Acid, HNO, 48, 747, 384. Dissociated in almost 
the same proportion as HCl,? HNO, proved much more toxic. 


Inasmuch as the concentration of H ions is practically the same 
as in HCl, and the NO, ion being proved to have a toxic value 


of less than 1/32 that of ionic H, we must look for an explana- 
tion in the toxic value of the undissociated molecule, HNO. 


This was found to be approximately 7.7 times that of ionic H.* 
In other words, a molecule of HNO, loses nearly 7/8 of its toxic 
properties for molds on becoming ionized. Kronig and Paul* 
found that anthrax spores immersed in a solution of 7/1 HNO. 
for two hours were entirely destroyed. The same concentration 
of HCl permitted 385 colonies to survive. In solutions, how- 
ever, where over go percent of the molecules are dissociated these 


' H. Molisch, Sitzungsber. Akad. Wiss. Wien. 103, I, (1894). 
°F. Kohlrausch. Wied. Ann. 26, 196 (1885). 

* See table I, page 293. 

* Kronig and Paul. loc. cit. (1897). 
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acids showed far /ess variation in toxic properties, although 
HNO, was still distinctly the more toxic. This toxic power of 
the undissociated molecule, HNO, they termed its “ specific 
poisonous effect.” That completely dissociated HNO, has no 
“specific poisonous effect’ is shown by the fact that it has, 
when in that condition, exactly the same toxic value as HCI or 
1/2 H,SO..". The oxidizing power of HNO, suggests a possible 
explanation of its high toxic value. The oxidizing poisons 
have, as we shall see later, a very powerful influence on mold 
fungi. 

The influence of HNO, on germination was much the same 
as that of HCl, 2/1024 causing distinct retardation of both germi- 
nation and early growth. Later, however, marked differences 
developed. Cultures containing the HNO, produced a much 
heavier mycelium, and fruiting, although slightly, was not 
greatly retarded. 

The stimulation of mycelial development was possibly due 
to the non-toxic, nitrogenous ion, NO. The cultures with KNO, 
however, did not establish this view. Culturesin n/t KNC ) solu- 
tions were not greatly different from those in similar concentra- 
tions of KCl and K,SO, although the concentration of NO, 
ions would in this case be some 40 times as great as in the stim- 
ulated cultures of HNO, under discussion, The fact that the 
fruiting was not greatly retarded again suggests the action of an 
oxidizing agent. It is indeed not improbable that both the 
marked stimulation and greater toxicity are to be attributed to 
the properties of the undissociated molecules present. 

Sulphuric Acid, 1,2 H,SO,, 61, 205, 589. As will be ob- 
served, 2/1 of this agent is based on the half molecule in order to 
make it strictly comparable with the other acids used, the others 
being all monobasic. 


H,SO, becomes dissociated first into H and HSC ), ions, but 
as dilution increases the HSO, ion further breaks up into H and 


“SO, The anion SO, is practically non-toxic having like Cl 


' Kahlenberg and True, 1896, loc. cit. p. 92. 
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and NO, less than 1/32 the toxic value of ionic H. The disso- 
ciation of H,SO_at the inhibiting point is about 62 percent only.’ 
Each 100 molecules, then, at this concentration, break up into 


approximately 124 H, 76 HSO,, and 24 SO, ions. This solu- 
tion having a greater toxic value than a similar concentration of 


ionic H, the excess of toxic properties must be due to the par- 


tially dissociated group, HSO.. By referring to Table I. it will 
be seen that the toxic value of this anion is approximately 1.3 


in terms of ionic H. 

In this as in the other mineral acids, Sterzgmatocystes 
showed the greatest resistance, 7/2 being necessary tokill. Potry- 
“zs was the most sensitive, 7/16 H,SO, being fatal. 

Acetic Actd, CH,.COOH, 25.6, 83, 314. This acid at the 
inhibiting point, 7/24, is but 2 percent dissociated.*? The toxic 
value of the anion was found to be about 1/13 H, but as so small 
a portion ot the acid is dissociated the influence of the anion may 
be disregarded. ‘The properties of this acid are therefore to be 
attributed almost solely to the wundissociated molecule, 


CH..COOH, which proves to have a toxic value of 2.8 H. 
Penicillium showed a marked specific resistance to this acid, 
requiring 2/2 for 48 hours to kill. This observation was ac- 
cepted only after repeated trials. Botrytis, on the other hand, 
was particularly susceptible, 7/64 being fatal. That acetic acid 
should prove so much more toxic to fungi than the mineral acids 
was not anticipated.’ Heald* found that it had but 1/8 the toxic 


value of H on Zea, and 1/4 on Pisum, while Kahlenberg and 
True’ found about the same relation with Lupznus. 

The great variation in protoplasmic resistance to this acid 
is shown by the following data: The vinegar eel — Rhadbditis 


' Kohlrausch. Wied. Ann. 26, 196 (1885). 
* Ibid, 26, 197 (1885). 
* Migula. Bot. Central. 41, 207 (1890). 
* F. D. Heald, 1896, loc. cit, p. 130. 
’ Kahlenberg and True, 1896, loc. cit, p. 110. 














Electrolytic Dissociation and Toxic Effect 285 


acett — thrives in a 2/2 solution, which is fatal to Penzci//ium 
spores. Aspergillus spores are killed by 7/8 and those of Botry- 
tis by 2/64; 2/200 is fatal to Zea, n/1600 to Prsum. 

It is of interest to note in this connection that not only are 
great differences to be expected between different organisms in 
their resistance to deleterious agents, but different individuals of 
the same genus and species may have very different powers of 
resistance, depending largely no doubt on previous environment. 
Pfeffer, for instance, grew Asfergi//us on a nutritive medium 
containing 8 percent dextrose and one percent acetic acid, and 
found that the fungus assimilated a far larger amount of the acid 
than of the dextrose. It will be noted that 7/8 or 0.7 percent 
acetic acid proved fatal to the spores of Asfergi//us used in this 
study, and in a 0.17 percent solution less than one percent 
germinated. 

The Chloracetic Acids. These acids are formed by replac- 
ing one, two, and three atoms of H, respectively, in the acetic 
acid radical by the element Cl; thus, — 


H O H O H O cl O 
| 


| | | |i | 
H—C—C—OH H—C—C—OH CI—C—C—OH CIl—C—C—OH 
| | | | 


H Cl Cl Cl 
Acetic Monochloracetic Dichloracetic Trichloracetic 
acid. acid. acid. acid. 


It is a rule that the halogen substitution-products of carbon 
compounds have a toxic value which bears a close relation to the 
number of H atoms in the organic radical or hydrocarbon which 
have been replaced bythe halogen. To quote from Davenport :* 
‘ Beginning with methane, CH, we find this substance — marsh 
gas — innocuous when mingled with air. As the H atoms be- 


come replaced by one or more Cl atoms, the poisonous properties 
increase, — 


CH,Cl is slightly anaesthetic. 
CHCI, = chloroform. 
CCl, is very dangerous, stupefying involuntary muscles’’. 


' Jahrb. f. wiss. Bot. 28, 205 (1895). 
? Experimental Morphology I, 8 (1897). 
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Many other examples illustrating this rule might be quoted. 
It was a matter then of great surprise to find what, at first sight, 
seemed to be a direct violation of this rule in the action of the 
chloracetic acids on the mold fungi. Their critical points were 
| determined as follow : 


(Acetic acid 25.6 83 314) 
Monochloracetic 8.8 5 64 
' Dichloracetic 10.4 64 64 
Trichloracetic 37 go 115 


As soon as the experiment was complete the stock solutions 
used were placed in the hands of a chemist who formed the 
potassium salt of each by just neutralizing with KOH. These 


salts are all quite highly dissociated, the cation being ionic K, 
and the anion the acid radicals of the respective acids. The 
toxic values of these anions, as nearly as could be determined 
with Aspergillus and Gdocephalum were as follow : 


Monochloracetic -CH,CICOO 1/32 Of ionic H. 
Dichloracetic CHcicoo :sf/a"“ *“* 8. 
Trichloracetic co ce isa“ “~ &. 


Here the toxic values, although not high, are in the expected 
order. 

Let us glance at the toxic value of these acids in a prac- 
tically completely dissociated condition. Kahlenberg and True‘ 
found that with Lupinus 7/6400 monochloracetic was not fatal ; 
n/6400 dichloracetic was evidently on the line, one plant being, 
killed, while the check survived; 7/6400 trichloracetic proved fatal. 
The dissociation being practically complete we have to deal with 


ionic H and the anions only. Monochloracetic with its non- 
toxic anion gives for upznus the same critical concentration as 
HCl; dichlor- and trichloracetic are increasingly but not greatly 
more toxic. This increase in toxicity is probably due entirely 
to the anions. 

At the concentrations at which they are effective towards 


' Kahlenberg and True. Loc. cit. p. 113. 
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the molds, however, we have an entirely different condition as 
regards dissociation, as is seen from the following : — 


. ot ce n , ; : 
Monochilor. inhibits at —_— and is 20 percent dissociated.’ 


n 


Dichlor. “ “ - “Way « ra 
32 
. n 
Trichlor. “ «oT tee gg gts “ 
22.8 


This variation in the dissociation is the key to the explanation 
of the apparent deviation from the rule referred to above. 

That the undissociated molecules are no exception to the 
rule is shown in Table I, page 393, where the toxic values of 
the different molecules are shown to be approximately as follow:— 


Monochloracetic acid 4.7 times value of ionic H. 
Dichloracetic oe = = —~ sf 
Trichloracetic i Te ep wei anes) Mia 


The introduction of Cl into the acetic radical results in 
two distinct changes in the chemical and physical properties of 
the acid: (1) A great increase in the toxic properties of the un- 
dissociated molecule. (2) A great increase in the dissociation 
of the acid in aqueous solution of given concentration. That 
the greater dissociation often masks the effect of the increase in 
the toxic properties of the undissociated part is easily understood 
when we recall that the toxic value of the dissociated portion of 


an acid cannot be greater than the value of ionic H plus the 
value of the anion. 

Putting all together, we get in brief the following: (1) 
The replacement of one H in the acetic radical doubles the toxic 
properties of the undissociated portion, and increases the dissocia- 
tion in a 7/35 concentration from two percent to twenty percent. 
The net result of these conflicting factors is an increase in toxic 
properties for this concentration of about 40 percent. (2) The 
replacement of two H’s by Cl more than trebles the toxicity of 
the undissociated molecule, and causes dissociation to advance 
from two percent to 70 percent in a #/32concentration. This gives 


' Ostwald. Zeit. phys. Chem. 3, 176 (1889). 
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a net increase of about 30 percent in toxic value for this concen- 
tration. (3) When all three H atoms are thus replaced by Cl 
the undissociated molecule has a toxic value of over five times 
its original value, and dissociation advances from 2 percent to 
88.8 percent in a #/22.8 solution. Atthisconcentration the effect 
of the greater dissociation is more than can be made up by the in- 
creased toxic value of the comparatively few remaining undis- 
sociated molecules, hence a decrease in the toxic properties of 
this acid in #/22.8 concentration as compared with the original 
acetic acid. 

These empirical results enable us to approximate mathe- 
matically the toxic values of these acids at any concentration 
provided that we know the extent to which dissociation has pro- 
ceeded at that concentration, thus, 


. : 4 ‘ — n 
(1) Molecule of acetic acid = 2.8 H; dissociation at — — 2.4 % 


5 
n 

‘* monochlor. ‘* = 4.7H; vg ae 20 pet 
35 

(a) Increase in toxic value = 1.9 H in 80 pet of acid = 152 


units. 


(b) Decrease due to dissociation = 1.8 H in 17.6 pet of acid 
32 units. 
Resultant of these two factors = 120 units increase. 


Toxic value of acetic acid =277 * 
Total calc. for = monochlor. = 397 ‘‘ 
Value found experimentally = 396 “ 


bt + _ n 
(2) Molecule of acetic acid = 2.8 H; dissociation at _ 2.36 pet 


“a n” 
=9.5H; 33 70 pet 


sé ae 


dichloracetic 


(a) Increase of toxic value = 6.7 H in 30 pct of acid = 201 
units. 


(b) Decrease due to dissociation = 1.7 H in 67.6 pet of acid = 


115 units. 
Resultant of these two factors = 86 units increase 
Toxic value of acetic acid =277 “ 


Total calc. for ~ dichloracetic = 363 “ 


Value found experimentally =359 “ 
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. : _ — n 
(3) Molecule of acetic acid = 2.8H; dissociation at se pet 
. , + n 
= trichloracetic = 14.1 H; x — = 88.8 
re 22.8 


(a) Increase of toxic value = 11.3 H in 11.2 pet of acid = 126.6 
units. 


+ 
(b) Decrease due to dissociation = 1.55 H in 86.8 pct of acid = 
134.5 units. 


Resultant of these two factors == 7.9 units decrease 
Toxic value of acetic acid =277.0 “ 

° . e n ° 
Total calc. for trichloracetic acid at —_ = 269.1 units 


Value determined experimentally 255 units.’ 


The addition of any highly dissociated acid to a solution of a 
““ weaker” acid throws back the dissociation of both, but more 
especially that of the one having the low dissociation. This 
method of decreasing the dissociation, and thereby increasing 
the toxic properties, was used with di- and trichloracetic acids. 
A complete series of cultures with all five molds were made up 
in solutions of these acids containing in addition an equal con- 
centration of HCI molecules. 

Dichloracetic acid has a toxic value of 359 units as compared 
with roo for HCl. Now, if to a solution of dichloracetic acid 
we add hydrochloric acid — molecule for molecule — we should 
expect the resulting mixture to have a toxic value of 359 + 100 

the increased toxic value of the molecules of the acids which 
would be forced back to the molecular from the tonic stati 


by the increased concentration of H ions. Dichloracetie acid 
would under these circumstances and at the concentrations used 
have its dissociation reduced approximately 20 percent. The 
undissociated molecule having 8.4 units more toxic value 
than when dissociated, we should expect to find its quota towards 


' This possibility of calculating mathematically the toxic properties of a 
given concentration of an acid occurred to the writer only after this paper had 
been prepared for the press. The agreement between the calculated and ex- 
perimental values was so striking, however, that it was thought advisable to in- 
sert the comparison at this place. Too much importance must not, however, be 
attached to the exact numerical values here given for the undissociated 
molecules. These doubtless vary with different plants. 
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increasing toxicity to be 8.4 * 20 = 168 units. Disregarding 
then the effect of the forcing back of the ionization of the HCl 
— the relative toxic value of whose molecule we have been un- 
able to estimate — we have the following: 

Toxic value of dichloracetic acid = 359 units 


<i ‘* —** hydrochloric ‘* = 100 
Calc. increase in toxicity of the former = 168 ‘ 


Total toxic value anticipated =627 ‘“ 


The experimental test with the five molds gave a toxic value of 
606 for the mixture, or an increase of 147 units for the forcing 
back of the dissociation. 

In the case of trichloracetic acid + HCl the variation cal- 
culated was less on account of the high dissociation of this acid 
at the concentrations used. The experimental data, however, 
placed the toxic properties of the mixtures some 13 units in er- 
cess of the increase calculated. 

Further experimentation along this line will doubtless throw 
light on the toxic value of the HCl molecule. The indications 


are that it is not greatly different from that of ionic H. 

Kronig and Paul’s' work on anthrax spores is of especial in- 
terest here. A preparation of anthrax spores immersed in a 
normal solution of trichloracetic acid for 2 hours and afterwards cul- 
tured in a favorable medium proved to be entirely sterilized, not 
a spore surviving. In another test where a similar preparation 
of spores was immersed in the same concentration for 20 minutes 
comparatively few survived. Tests were also made with the 
same acid at 7/16 concentration. Spores immersed for 56 hours in 
this strength showed much less injury than those immersed for 
20 minutes in the 7/1 solution, thus showing plainly that the eff- 
cacy of the acid was more greatly reduced than could be accounted 
for by the increased dilution only. ‘Their work with the other 
acetic acids, although not extensive, is quite in harmony with 
the results here recorded for the molds. 

Hydrocyanic Actd, HCN, 0.36, 3, 20.—This poison so 


' Kronig and Paul, 1897, loc. cit. 
g 997 
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deadly to the higher vertebrates has long been known to be 
much less toxic to less highly organized structures. Extremely 
fatal to man even in minute quantities, the more lowly organized 
Ascaris resists a 3 percent solution for 75 minutes. A 
myriapod (Fontaria) excretes HCN when irritated. The accu- 
mulation of much such data has led to the general acceptance of 
the theory that HCN acts chiefly or wholly upon the aldehydes 
of the nerve centres.' This is no doubt a perfectly satisfactory 
theory from the animal physiologist’s point of view, but 
it leaves us without any explanation for its violent toxic proper- 
ties towards plants where we have no nerve centres. 

Little work seems to have been done with it on plants. 
Kahlenberg and True? found that towards Lupznus it had double 


the toxic value of H, 2/6400 proving fatal. To the molds, how- 
ever, it is relatively a much more powerful agent, having 76.6 


times the value of H, thus ranking as one of their most fatal 
poisons. 

The data on the dissociation of this acid is meager. At 
2/32 it gives about 1/16 the electrical conductivity of acetic acid 
at the same concentration. From this we should judge that the 
dissociation is practically zero at the concentrations with which 


we have to deal. The value of the anion CN was determined 
by means of the potassium salt, which is quite highly dissociated.‘ 
The KCN solutions proved to have nine times the toxic value of 


ionic H forthe molds. Allowance being made for the hydroly- 
sis which would take place in the KCN solutions,’ we find the 


_ + 
CN ion to have approximately the value of 8 H. Hence we 


reason, were HCN wholly ionized into H and CN ions we 
should expect its solutions to have a toxic value of approxi- 


'O. Loew. Ein natiirliches System der Gift-Wirkungen, (1893). 
* Kahlenberg and True, 1896, loc. cit. 

* Ostwald. Jour. prakt. Chem. (2) 32, 304 (1585). 

*Kohlrausch. Wied. Ann. 6, 149 (1879). 

® See details with KCN solutions, p. 302. 
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mately 9 H. The fact that the solutions of this compound in 
its undissociated form have a toxic value of over 8 times that of 
the additive toxic properties of its component parts tells for the 
extremely toxic influence of the molecule HCN. 

In Table I the toxic values of the undissociated molecules, 
as shown by their inhibiting and killing powers towards the 
spores of these five molds, are approximated. 

Too much importance must not be attached to the exact 
numerical value here expressed for the different molecules for 
several reasons. We do not know the reaction of the acids 
towards the nutrient medium in which we grow our plants. We 
do not know the exact effect of the salts and sugars present on 
the dissociation of the acids. And were it possible to eliminate 
every factor causing doubt or error, we should undoubtedly find 
the relative toxic properties of the molecules varying somewhat 
with almost every species tested. Let me repeat: the exact 
numerical values here given are wo/ significant. The order and 
general proportions of these values ave significant. 

The emphasis is laid on Part I of this table for reasons already 
fully stated. 

Line 1 gives the strengths of the various acids required 
on an average to inhibit germination. Line 2 is developed from 
line 1. It gives the relative toxic properties of the acids ex- 
pressed numerically, HCl being taken as 100 for a basis for com- 
parison. The dissociated and undissociated portions are con- 
sidered separately ; lines 4, 5, and 6 being devoted to the former, 
and lines 7, 8, and g to the latter. Line 4 gives the toxic value 


of the cation in terms of ionic H; line 5 that of theanion. Tine 
6, being the total of 4 and 5, gives that portion of the total toxic 
value of the acid which is to be attributed to the dissociated por- 
tion. Line 7 gives the “residual units” or in other words that 
part of the total toxic value not accounted for by the dissociated 
part and hence due to the undissociated portion. Line 8 gives 
the percentage of the acids still in the molecular state at the 
critical concentration causing inhibition of germination. Line 
g, the quotient of the residual units divided by the percentage of 
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TABLE I 
Relative Toxic Properties of Undissociated Molecules 
I. As measured by their inhibiting powers 























HCN }H,SO, HNO, Tri Di Mono ___ Acetic HCl sid = ci 
7H en 2 laa le 
4 - ae an - = ~ 4 a Concentration inhibiting germination 

683 10 14.5 22.8 32 35 24 8.8 

666 112 163 255 359 396 277 100 Relative toxic value. HCl = 100 units 

— 62 90.6 88.8 7 20 2 Pct dissociated at inhibiting point 

+ | 

— 62 90.6 88.8 70 20 2 Toxic value of the cation in terms of ionic H_ | ss 

_ ane —_ ; md + |¢% 

aa 62 6 6 ; 3-3 ‘ ? Toxic value of the anion in terms of ionic H § 

2 90.6 go. 73°3 20. Total, anion + cation sy 

7666 50 72.4 158.2 |285.7 |375.4 275 | Residual units ley 

100 38 | 944 11.2 . 30 80 98 Pct undissociated 2 
76.6 4.3 | 7.9 4e | of | 47 | of | Toxicvalueof undis. mol.in terms of ionicH| * 

II. As measured by their killing powers 
HCN !H,SO, HNO, Tri Di Mono Acetic HCl Acid 
~ = = ~ e ~ ~ -.. Concentration killing spores 

102 3.5 5-3 18 32 32 6.5 3-3 

070 104 160 534 960 960 196 100 Relative toxic value. HCl — 1oo units 

— 54 go 88 70 19.9 I Pct dissociated at death-point 

+ 
— 54 go 88 70 19.9 I Toxic value of cation in H ~) 
6 33 ‘S Toxic value of anion in H $ 

Ke 54 go 96 73-3 20.4 I Total, cation 4 anion | * 

070 50 70 38 88 oO | Residual units = 
“7 . 4 43 7 94 195 Pct undissociated | 3 

100 46 10 12 30 80.1 99 | Be 
39.7 ai 7 36.5 29.6 ii.7? | £97 Toxic value of undissociated molecule in H\ ™ 
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undissociated molecules, gives in terms of ionic H the toxic 
value of the different acid molecules. 

Part II of this table is worked out similarly and has refer- 
ence to the toxicity of the acids towards the molds as shown by 
their power to £7// the spores. 

All acids tested retard germination and early growth of the 
mold fungi. This retarding influence was evident in greater 
dilution with the mineral than with the acetic acids. Cultures 
not greatly retarded almost invariably take on new life not many 
hours after germination, and presently overtake and surpass the 
checks in mycelial development. This excessive development 
of mycelium usually reaches its maximum in cultures two or 
three removes from the concentration inhibiting germination, 
and is usually accompanied by retardation of fruiting. In other 
words, 1/4 to 1.8 the lethal concentration has a strong stimula- 
ting influence on the mycelial development, and tends to sup- 
press or at least retard fructification. 

Smaller quantities of acid proved on an average to be in- 
jurious to Gdocephalum than to the other forms, 20/2048 normal 
being on the average distinctly detrimental. The coefficients of 
the other forms were as follows: Potrytrs, 23; Penicillium, 28; 
Aspergillus, 42; Sterigmatocystis, 64. 

docephalum was also the most easily inhibited, its relative 
inhibiting coefficient being 72, followed by Poétrytis, 76; Peni- 
cillium, 100; Aspergillus, 104; and Sterigmatocystis, 200. 

Botrytis, however, was the most easily killed. The order 
in this respect was Potrytis, 100; Gdocephalum, 137; Asper- 
gillus, 272; Sterigmatocystis, 369; and finally Penicillium, 
whose spores showed by far the greatest resistance, represented 
by the coefficient 498. This high resistance of Penice//ium in 
regard to the death-point may be partly due to the tendency of 
the spores to adhere in bunches in making the inoculation, a 
difficulty never fully overcome. 


The bearing of these results on the modern theories of the 
chemical and physiological action of substances in aqueous solu- 
tion is of sufficient importance to demand a brief treatment. 
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A close connection between the electrical conductivity and 
the chemical activity was first noticed by Hittorf (1853), but it 
remained for Arrhenius’ to point out the numerical comparison. 
This rather close numerical agreement between the dzssoctation 
of the acids and their chemical action may be noticed in the first 
five lines of the accompanying table. These lines represented 
the most important data available until the appearance of Levy’s’ 
paper in 1895. 

Line 1 gives the relative dissociation of normal solutions of 
these acids (except HCN), HCl being taken as a standard as it is in 
all the tests recorded in this table. Line 2 gives the relative pow- 
ers of the different acids to promote the well-known catalysis of 
aqueous solutions of methyl acetate. Line 3 gives their relative 
activity in decomposing calcium oxalate. Line 4 gives Ost- 
wald’s determinations of their relative affinities for hydroxides. 
Line 5 gives their relative activity in inverting cane sugar. 

The correspondence between the figures in these five lines 
is certainly quite striking, especially when it is remembered that 
the solutions used in the different tests were not of the same 
concentration. Allowance must also be made for the experi- 
mental difficulties involved in chemical measurements. Under 
these circumstances it is not strange that many chemists came 
to the conclusion that it is the tonized part of a dissolved sub- 
stance and that only which is chemically active. To quote from 
Whetham » ‘“ We may take it, then, that only that portion of a 
body is chemically active which is electrolytically active — that 
ionization is necessary for chemical activity just as it is neces- 
sary for electrolytic conductivity.” 

What applies to chemical activity must also apply to physio- 
logical activity for in its ultimate analysis the latter is doubtless 
due to the former. Kahlenberg and True* remark, “ It has al- 
ways been taken as axiomatic that the physiological action of 
any substance is due to its chemical character.” 


' Arrhenius. Recherches sur la conductivité galvanique des Electrolytes, 
Stockholm (1883). 

* A. Levy. Zeit. phys. Chem 17, 317 (1895). 

*W.C. D. Whetham, loc. cit, p. 165. 

* Kahlenberg and True, loc. cit, p. 85. 
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The uniformity of the results recorded in lines 1-5 is sadly 
marred by the results of Levy’s' work recorded on line 6. It 
will be seen that here all acids have wo/ “specific coefficients of 
affinity ... based on the fact that the relative affinities of differ- 
ent acids are the same whatever the nature of the action by which 
they are compared”.? On the contrary Levy found that acetic, 
mono- and dichloracetic gave results which in round numbers, 
are 200 percent in excess of what would be calculated by the 
theory that the dissociated portion only is chemically active. In 
the case of the highly dissociated trichloracetic the variation 
from that required by the theory is less, as its physiological ac- 
tion on fungi is less. The toxic properties towards phanerogams 
(line 7) are equally impossible to harmonize with the theory. 
The climax, however, is reached in the data presented on line 8, 
where we are dealing with concentrations which contain in many 
cases a very large proportion of undissociated molecules.’ 

The chemical reactions involved in physiological investiga- 
tions are doubtless vastly more complex than is the case in the 
earlier studies recorded on lines 2-5. Inthe data(recorded on lines 
6-8) derived from the action of the acids on the more complex 
carbon compounds, and the highly complex aldehydes, albumi- 
noids, ete., found in the protoplasm of living cells, we surely find 
a very great exception to the alleged law that ‘“ the relative affin- 
ities of different acids are the same whatever the nature of the 
action by which they are compared.” The affinities, indeed, ap- 
pear in some cases to be almost the converse of that required by 
the theory that “only that portion of a body is chemically active 
which is electrolytically active.” 


HYDROXIDES 


As it is quite impossible to handle solutions of hydroxides 
in an ordinary atmosphere without a greater or less loss by neu- 
tralization by the CO, of the air, the following values for caustic 
potash and ammonia must be regarded as being somewhat less 


' A. Levy, loc. cit, p. 317. 
2 W.C. D. Whetham, loc. cit. p. 162. 
* See Table I, p 293. 
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than their absolute toxic value. This source of error was re- 
duced as much as possible by rapid handling in making cultures. 

Potassium Hydroxide, KOH ; 77(?), 766, 282. Inno other 
case was it so difficult to determine where to place the coefficient 
of injury. 2/572 retarded germination in all cases, and in some 
forms 7/1024 and even 7/2048 (Cdocephalum) showed an injurious 
influence. In less than 24 hours, however, the less retarded 
cultures had as a rule overtaken or surpassed the checks 
in mycelial development. This stimulation of mycelial 
development was marked with all forms in 7/2048 , and reached 
its climax in 7/64 or 7/32 concentrations, and was accompanied as 
usual by retardation of fruiting. This agent caused the produc- 
tion of a denser, heavier mycelium than was observed with any 
other compound. 

The toxic properties of KOH are probably largely due to 


the OH ion. It is about 94 percent dissociated’ at 7/12 its aver- 
age inhibiting concentration. Just what proportion of the toxic 
properties is to be attributed to the remaining 6 percent undis- 
sociated KOH we haveas yet no means of knowing. Inasmuch, 
however, as KOH is more highly dissociated than HCl at the 


5 al hale se > , 166 . 
inhibiting point, and the acid has but —— of the toxic value of 


230 
the hydroxide we may safely conclude that the OH ion issomewhat 
more toxic for fungi than ionic H. 

Ammonium Hydroxide, NH,OH; 29(?) 57,83. This com- 
pound in contrast with KOH, is but slightly dissociated, 7 40 the 
inhibiting strength, being about 8 percent dissociated.2 The 
high toxic value is then doubtless due very largely to the un- 
ionized molecule. Like KOH, although to a less degree, it 
caused an excessive development of mycelium in many cultures. 

It is worthy of note that Sterigmatocystis, which is particu- 


larly resistant to both ionic H and OH is rather susceptible to 
both acid and hydroxide in the molecular form. 





' Ostwald. Jour. prakt. Chem. (2) 33, 353 (1886). 
* Kohlrausch. Wied. Ann. 26, 197 (1885). 
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These results with hydroxides are not in harmony with 
those obtained by Krénig and Paul' with anthrax spores. They 
found that the bases KOH, NaOH, LiOH, and NH,OH “ disin- 
fect indirect proportion to their degree of tonization”, NH OH be- 
ing practically non-toxic. Anthrax spores have evidently a 
great specific resistance to this agent, and perhaps even a general 
comparison would be unfair. Be this as it may, ammonia is un- 
doubtedly one of the more violent poisons for mold fungi, far 
surpassing the mineral acids, copper, cobalt, etc., in toxic prop- 
erties and comparing favorably with KCN. 

Data as to the effect of hydroxides on the higher plants is 
rather meager. Kahlenberg and True? found Lupinus could 
survive in 7/200 KOH. As it would be practically completely 
dissociated at this concentration Lupinus is evidently much more 


resistant to OH than to ionic H. Bokorny? found that am- 
monia in 7/689 concentration in common with other basic sub- 
stances caused the production of granules in the protoplasm of 
Spirogyra cells, but failed to otherwise modify the normal activi- 
ties of the cell. 

Formaldehyde, HCHO; 0.553, 1.47,2. Formaldehyde proved 
to be one of the most deadly agents tested, being surpassed in 
this respect by mercury, silver, and the two chromates only. 
Chemically considered, formaldehyde is a very unstable com- 
pound intermediate between methyl alcohol and formic acid, 
being in fact the intermediate step in the oxidation process by 
means of which the latter is derived from the former. It is 
both a reducing and oxidizing agent, and this together with its 
great instability, may account for its intensely toxic properties 
towards fungi. 

To many kinds of protoplasm, including that of the higher 
animals and perhaps the higher plants, formaldehyde is non- 
toxic. Instances are on record of persons having drunk a one 
percent solution without inconvenience. To the lower animals, 


' Kronig and Paul, loc. cit. 

* Kahlenberg and True, loc cit. p. 95. 

*T. Bokorny. Jahrb. f. Wiss. Bot. 19, 205 (1888). 

*j.C. Arthur. Bull. of Purdue Univ. Exp. Sta. No. 65, p. 21 (1887). 
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however, it is more toxic, 2/60 being fatal to worms, molluscs, and 
isopods in two hours." Loew and Bokorny’ found that algae 
could use a one percent solution for the production of starch. 
Acton,? on the other hand, in experiments on the assimilation 
of organic compounds by green plants found that while they 
could use glucose, saccharine, glycerine, etc., ‘hey fail to use alde- 
hydes or their derivatives. Cohn* found one percent solutions 
very fatal to Sprrogvra. 

For the fungi, however, there is no doubt that in formalde- 
hyde we have one of our safest, most energetic, and serviceable poi- 
sons. #/512 proved fatal to Aspergillus and Penicillium; n/2048 
to. Sterigmatocystis and Botrytis. G:docephalum was inhibited by 
n/16384 and killed by 7/8192. In other words, one part by weight 
in 273,066 parts of beet infusion proved fatal to Gdocephalum, 
and one part in 4,369,066 permitted the germination of but ro 
percent of the spores in eleven hours (as compared with 95 per- 
cent in four hours in the checks) and greatly injured the myce- 
lial development. In regard to the other forms, 7/8192, although 
greatly retarding germination, caused a distinct stimulation of 
mycelial development on the second day, the cultures when 
mature resembling those produced in media containing alcohol. 

Very interesting in this connection are the theories regard- 
ing the synthesis of starch in the higher plants and of the pro- 
teids in the fungi,’ in both of which formaldehyde has long been 
regarded as forming a very important step. These theories, par- 
ticularly that in regard to the synthesis of proteids in the fungi, 
challenge further careful investigation. It seems, Arima facie, 
inconceivable that a compound markedly injurious to a plant 
when present in the almost infinite dilution of one part by weight 
in 4,369,000 parts nutrient medium, as in the case of (Z:docepha- 
/um, should be formed by the protoplasm of that plant and be 
used again in the synthesis of its proteids, as must be the case if 
our theories be correct. 

'O. Loew. Sb. Ges. f. Morphol. u. Physiol. 4, 39 (1888). 

* Loew and Bokorny. Jour. prakt. Chem. (2) 36, 272 (1887). 

'E. H. Acton. Proc. Roy. Soc. Lond. 46, 118 (1889). 

‘ Bot. Centralblatt, 57, 5 (1894). 


’W. M. Klozlowski (quoting Loew, 1880). Bull. Torrey Bot. Club, 26, 35. 
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In regard to the nature of its toxic action, it is believed to 
act upon the propeptones and the albumins, affording com- 
pounds which are not readily soluble.’ 

Ethyl Alcohol, C.H..OH; 717, 7686, 8602. Alcohol, as com- 
pared with formaldehyde, is apparently non-poisonous. One 
molecule of formaldehyde has powers of inhibiting the germina- 
tion of fungus spores equal to those of 2600 molecules of alcohol. 
The contrast in their killing powers is even greater, being as 1 
to 4300. Yet alcohol is a distinct protoplasmic poison to plants, 
as is well known, being quite extensively used as a fixing agent 
for tissues. It inhibits germination in the spores used at an 
average concentration of #/1.3 and kills all except Penzce//ium in 
4z/1. Five percent of the spores of Penicillium survived immer- 
sion in this concentration (17.6 percent) for 72 hours at 28° C. 
All, however, were killed by 87/1 which was the greatest concen- 
tration required to kill in the case of any agent tested. 

The presence of alcohol in #/8 and 7/16 concentrations dis- 
tinctly retarded germination of Sterigmatocystis and Botrytis. 
No retardation was noticed with Aspergillus or Gdocephalum. 
There was indeed some evidence of acceleration in 7/16 and 7/32 
with GZdocephalum, but it is not sufficiently marked to be cer- 
tainly stated. The mycelial stimulation and retardation of fruit- 
ing in 2/4 was very marked with Aspergillus and Sterigmatocystis. 
(Edocephalum and Penicillium showed some stimulation of 
mycelial development and a very slight retardation of fruiting. 
Botrytis produced its heaviest mycelium in 7/16 and 7/32. 

The change which a plant may undergo as it grows older, 
in the character of its election of foods is of great interest to phys- 
iologists.2 Duclaux? found that while alcohol restrains or 
arrests germination of mold spores, it is made use of almost as 
abundantly as sugar as a food by the adult plant. My results 
would seem to support this view. It may be possible, however, 
that alcohol acts as a stimulant rather than as a food, as is the 
case with zinc sulfate when present in small quantities. Rich- 


1 C. B. Davenport. loc. cit. p. 20. 
* C. B. Davenport. loc. cit. 2, 333 (1899). 
* Sur la nutrition intracellulaire. Ann. de l'Inst. Pasteur, 3, 97 (1839). 
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ards' found that the addition of 0.0035 percent ZnSO, toa cul- 
ture medium in which Aspergillus niger was growing, doubled 
the dry weight of the mycelium. 0.008 percent ZnSO, similarly 
added to a flask culture of Botryt7s caused a production of quad- 
ruple the normal weight of mycelium. We cannot suppose that 
the small amount of zinc present in itself caused the greater de- 
velopment of supplying nourishment, Zn not being a necessary 
or desirable element in a nutrient medium for fungi. Richards 
interpreted the function of the Zn to be that of a stzmu/ant 
rather than a food. May it not be that alcohol performs a 
similar stimulating function, rather than that it produces an 
acceleration of growth by nourishment ? 

Whatever may be the true explanation of the influence of 
alcohol on the development of the mold fungi, it seems to be 
demonstrated that the protoplasm of the molds is more sensitive 
in the conidial stage to the influence of this and many other 
agents than at any other stage in their development. 

Potassium Cyanide, KCN ; 2.2, 25.6, 77. Potassium cya- 
nide in aqueous solution is very unstable. A solution of 24 per- 
cent KCN in pure water was prepared by the chemist, and on 
being used within three hours of titration gave the following 
critical points with .dsperg7//us and Penicillium : 

Aspergillus in n/128 grew, in 2/16 failed. 
° Penicillium in n/128 grew, in 2/16 failed. 

Ten days later this stock solution was again tested, it hav- 
ing been kept in a dark cupboard at laboratory temperature in 
the meantime, with the following result : 

Aspergillus in n/32 grew, in 2/16 failed. 
Penicillium in n/64 grew, in n/32 failed. 


A solution of beet infusion containing 7/8 CN was then made 
up from a stock solution and placed in a constant temperature 
of 28° C for ten days longer, and again tested. The critical 
points were then as follow : 

Aspergillus in n/16 grew, in n/8 failed. 
Penicillium in n/16 grew, in n/8 failed. 


' Jahr. f. Wiss. Bot. 30, 665 (1897). 
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From these data we learn that a 24 percent aqueous solu- 
tion of KCN deteriorates so that at the end of 10 days it has but 
little more than 1/4 its former toxic value. Made up in beet 
infusion at 2/8 concentration and kept 1o days longer it retains 
but 1/8 of its original toxic value. All cultures with KCN re- 
ported in this paper, except those noted above, were made up 
within four hours of preparing the stock solution. 

It will be seen by reference to the charts that KCN has 


almost exactly nine times the toxic effect of ionic H. KCN 
in the effective concentrations is quite highly ionized into non- 


toxic K and CN. ‘To assume that the CN radical has nine 


times the toxic value of H would not be justified in view of 
Shields’s' studies regarding aqueous solutions of the salt. 
According to the data worked out by this investigator about 2 
percent of KCN would be hydrolyzed in the concentration caus- 
ing inhibition of the spores, with the formation of a correspond- 
ing amount of the deadly HCN. From what we have already 
learned regarding the toxic properties of this acid, we find that 
approximately 15 percent of the toxic effect of the KCN is due 


to the hydrolysis. This would indicate a toxic value for the CN 


ion of something less than 8 H. 
Kahlenberg and True? find that towards Zawfznus it has the 


value of 1 H only. They also show that in the cases of potas- 


sium ferro- and ferricyanide the iron and the CN radical form 
complex ions, the toxic value of which is far less than that of 


the CN ion alone. 

KCN caused a very marked retardation of germination and 
early growth in all the forms. Many cultures considerably re- 
tarded soon apparently overcame the effect of the poison and 
grew and fruited normally. Sterigmatocystis, in so many cases 
highly resistant, proved particularly susceptible in this agent. 





‘Shields. loc. cit. (1893). 
* Kahlenberg and True. loc. cit. 102. 
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Mercurie Chloride, HgCl,; 0.0258, 0.287, 0.331. This 
proved the most fatal compound tested, leading silver nitrate by 
a very narrow margin. 

It is of interest to note here that although only very slightly 
volatile at ordinary temperatures, and doubtless less so in aque- 
ous solution, mercuric chloride is sufficiently volatile to be dis- 
tinctly toxic in aqueous solution at 28° C. This was demon- 
strated by placing a few drops of a very dilute solution in the 
bottoms of cells containing hanging drops of pure beet infusion 
inoculated with mold spores. The germination of the spores was 
inhibited. Mycologists have frequently reported failure to 
germinate spores in cells which had been sterilized by rinsing in 
a dilute solution of HgCl,; these failures were doubtless due to 
the volatile properties of this agent together with its extremely 
deadly character. 

Mercury would appear to be a universal protoplasmic poison. 
In this as in the less toxic agents, however, the various plants 
present very great differences in resistance. 7/65536 proved fatal 
to Botrytis, while a solution containing 16 times this concen- 
tration was necessary to prevent development in Asfergi//us and 
Sterigmatocystis. There would seem, however, to be less differ- 
ence than with most agents in its relative toxic properties 
towards the fungi and the higher plants. Kahlenbergand True’ 
found 7/6400 fatal to Lupinus, but 212800 permitted growth. The 
hydroxides, chromates, and formaldehyde were the only other 
agents tested by the writer which would seem to be more toxic 
for mold fungi than had been previously determined for the higher 
plants. To bacteria it is equally fatal, 7/70000 HgCl, in nutritive 
bouillon preventing the development of the splenic fever 
bacterium.’ 

Silver Nitrate, AgNO,;° 0.0125, 0.375, 0.375. Almost if 
not altogether as violent a poison as mercury, silver stands with 
it at the head of the list of toxic agents. Among the poisons 
for molds tested, it is comparable with mercury alone among the 
metals, and with chromate and bichromate anions and formalde- 


' loc. cit. p. 102 (1896). 
> C. B. Davenport. loc. cit. I. p. 14 (1897). 
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hyde only among the other agents. As is the case with bacteria,’ 
towards the molds silver is frequently a more violent poison than 
mercury. Of the five forms used Gdocephalum and Penicillium 
proved more susceptible to silver, while Asfergz//us and Botrytis 
were more susceptible to mercury. The fifth form, Sterzgmato- 
cystis, had an equal resistance to both. The extraordinarily small 
quantity of mercury required to kill Botryt/s, however, left the 
honors with mercury as the more deadly agent. A very striking 
contrast in specific resistances is afforded by Botrytis and Peni- 
cillium in solutions of these agents. 1/16 the amount of HgCl, 
necessary to kill Penzce//ium was fatal to Botrytis. With AgNO, 
14 the amount necessary to kill Botrytis was fatal to Penicillium. 
In other words, AgNO, has eight times the toxic value of HgCl, 
towards /enicillium, while the exact converse is true with 
Botrytis. In general, a smaller amount of Ag caused injury to 
the mycelium than was required of Hg. 

Towards splenic fever bacteria gold is the only other metal 
comparable in toxic properties with mercury and _ silver.’ 
Towards phanerogams silver is much more toxic than mercury, 
n 102400 being fatal to Zea,’ and 7/204800 to Lupinus. 

At the concentrations used the AgNO, would be practically 
entirely dissociated.‘ 

Cadmium Nitrate, CA(NO.),; 0.075, 6.7, 24. Ranking 
closely with silver as a poison for the higher plants, cadmium 
proves to be very highly toxic to the mold fungi. The most 
marked feature in the cultures with cadmium was the wide range 
between the killing point and the point where the development 
was only noticeably injured. It will be noticed that the ratio 
of its coefficient of injury to that of HgCl, is less than 3:1, 
while the ratio between their death-points is 75:1. A second 
point worthy of mention is the very great variation in the specific 
resistances of the different forms. 7/4096 proved fatal to Botryéis, 
but 7/32 was required to kill Ster¢gmatocystis. Penicillium spores 


'C. B. Davenport. loc. cit. 1, 14 (1897). 

2 F. D. Heald. loc. cit. p. 152 (1896). 

* Kahlenberg and True. loc. cit. p. 104 (1896). 
*Kohlrausch. Wied. Ann. 26, 161 (1885). 
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did not show their usually high relative resistance 7/256 proving 
fatal, a solution in which the usually sensitive Gdocephalum 
actually germinated 95 percent and matured a few fruits. 

Molisch’ was one of the first to record the toxic properties 
of cadmium to plants. He found 7/33 fatal to Aspergi//us when 
experimenting with various elements in an endeavor to find a sub- 
stitute for calcium in nutrient media. /64 proved fatal to the 
form of Aspergillus used by the writer. 

At its average inhibiting concentration cadmium nitrate 
would be about go percent dissociated.’ 


OXIDIZING AGENTS 


Potassium dichromate, K,Cr,O,; 0.094, 0.3, 1.25 
Potassium chromate, K,CrO,; 0.156, 0.4, 2.25 
Hydrogen peroxide, H,O,; 38, 705, 127.0 

In general these agents acted similarly. The feature of all 
three, but more particularly the hydrogen peroxide, was the ten- 
dency to bring to fructification every culture which made any 
considerable mycelial development whatever. With the excep- 
tion of Zdocephalum germination was more or less retarded, 
particularly in the chromates. 

Cultures in 7 312 HO, with Gdocephalum showed a very 
marked stimulation of growth from the first sign of germination. 
At 4 hours after the cultures were inoculated they showed 5 per- 
cent more germination than was recorded for the checks at that 
time. So small a percentage, however, must not be takenas con- 
clusive evidence of acceleration of germination. It will be re- 
called that a similar observation was made regarding this form 
in cultures with alcohol. If these were indeed bona fide cases 
of acceleration of germination they are entitled to the honor of 
being the only ones observed. 

The chromates at the dilutions at which they are effective 
are doubtless practically entirely dissociated.s As poisons for 
molds they rank, as already mentioned, with formaldehyde, sil- 


' Sitzungsber. Akad. Wiss. Wien. 103, Abth. 1 (1894). 
2 QO. Grotrian. Wied. Ann. 18, 176 (1883). 
’Ostwald. Zeit. phys. Chem, 2, 78 (1888). 
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ver, and mercury. The anion of the dichromate, Cr,( ). has a 


toxic value of about 770 ionic H; that of the chromate 575 H. 
This may indicate some relation between their oxidizing powers 
and their toxicity. 

Towards the higher plants these anions would seem to be 
much lesstoxic. Lupinus" survived inasolution of 7/6400 K,Cr,O, 
the same concentrationas just permitted growth in the case of 
the completely dissociated mineral acids. Towards the algae,’ 
however, both these anionsare strongly toxic, 7/295 K,Cr,O_ being 
fatal to Spzrogyra in a few hours. H,O, is a more violent poi- 
son to algae? than to molds, and ciliata are even more suscepti- 
ble. Paneth*+ found “0.005 percent” solution to be the limiting 
line for the latter. 

The disinfecting value of HO, seems to have been greatly 
overestimated by several workers. Miquel’ places it as third in 
toxic properties of all agents used by him, being antiseptic in 
dilution of one part to 20000. In the same table mercuric chlo- 
ride and silver nitrate are rated as antiseptic in 1:14300 and 
I: 12500, respectively. Sternberg® found H,O, to have a com- 
paratively low disinfecting value. 

Commercial preparations of HO, vary very greatly in the 
amount of HO, in solution. A true 1o-volume solution should 
yield, when fully decomposed, ten volumes of O and contain by 
weight 3.04 percent H.O,. The preparation used in this study, 
although “fully guaranteed”, etc., contained but 2.59 percent 
HO, on being tested. 


SULPHATES OF THE STRONGLY-TOXIC METALS 


These salts are arranged in the order of their toxic proper- 
ties towards molds in the following list : 


' Kahlenberg and True. loc. cit. 1, 107 (1896). 

20. Loew. Ein natiirliches System der Gift-Wirkungen, p. 16, (1893). 
*T. Bokorny. Jahrb. f. Wiss. Bot. 17, 347 (1886). 

‘J. Paneth. Centrl. f. Physiol. 3, 377 (1889). 

* Miquel. Les organismes vivants de l’atmosphere, Paris, (1883). 

* Manual of Bacteriology, p. 165 (1892). 











fk 
/ 
i! 
’ 


308 J. F. Clark 


Nickelous sulphate, NiSO,, 4.8, 33.6, 1155 
Cobaltous sulphate, CoSO,, 6, 57.6, 389 
Ferrous sulphate, FeSO,, 14.4, 775, 2150 
Copper sulphate, CuSO,, 8.4, 737.2, 582 
(Copper nitrate, Cu( NO,),, 8.4, 734, 634) 
Zine sulphate, ZnSO,, 26.4, 602, 3072 

The data as to the dissociation of these sulphates is rather 
meager. They are, however, not greatly different in dissocia- 
tion at the same concentrations. This is about 40 percent to 44 
percent at 7/20 concentration." 

Nickelous sulphate. The different forms exhibit more 
variation in their specific resistances to this agent in regard to 
the death-point than was observed with any other, surpassing 
that shown in the case of Cd(NO_), considerably. 7/128 proved 
fatal to Botrytis, while Aspergillus failed to lose its vitality in 
a normal solution (containing over 13 percent anhydrous NiSO_) 
for 48 hours. As an inhibiting agent, however, it is the most 
powerful of this group. 

Cobaltous sulphate stands in second place, but as will be ob- 
served it is distinctly the most /a/a/ agent. 

Ferrous sulphate. ron, a necessary element for the nutri- 
tion of the molds? in common with all other plants, proves to be 
in excess actually more toxic than that king of modern fungi- 
cides, copper. 

Copper sulphate and nitrate. These salts proved very 
similar in toxic properties, as may be noticed by a glance at the 
diagrams. The nitrate, however, at the critical concentrations 
is much more highly dissociated than the sulphate. We may 
judge from this that the un-ionized molecule, CuSO, has a toxic 


value not greatly different from ionic Cu. /enzc7//ium although 
inhibited by #64 Cu(NO_), and 7/128 (one percent) CuSO, is not 
entirely killed by immersion in either concentration for 48 hours. 

De Seynes’ reports growing cultures of Penicillium glaucum 
from different sources, on solutions containing 2-9.5 percent 
CuSO,. Cultures grown on the latter concentration bore red 


‘See Whetham. loc. cit. pp. 218-276 (1895). 
* Molisch. loc. cit. 
* Bull. de la Soc. Bot. de Fr. 42, I, 451; II, 482 (1895). 
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conidia. Pfeffer’ reports finding Penic//lium growing on a “ con- 
centrated solution” of CuSO,. Manasein’ finds from his experi- 
ments that this salt must be present in a 2.5 percent concentra- 
tion before it has any appreciable affect on this fungus. Here, 
perhaps, is a hint to plant physiologists of the possibilities yet 
to be investigated in the acclimatization of fungi (and other 
plants) to chemical agents. 

Zinc sulphate, as will be seen, has a very low toxic value 
for the molds, whether considered as an inhibiting or killing 
agent. Aspergillus was especially resistant, surviving an im- 
mersion in 2/1 (27 percent anhydrous ZnSO.) concentration for 
48 hours. 

Strychnine sulphate, C_,H,,N,O,.H,SO.. This alkaloid, 
the only one experimented upon, was dissolved in the slightly 
acid beet infusion until a saturated solution was obtained. This 
was found to have a content of 4.31 pereent strychnine sulphate. 
This gives 7/7 solution, a normal solution of this substance re- 
quiring over 30 percent on account of its very large and heavy 
molecule. 

Sterigmatocystis grew and fruited perfectly in this saturated 
solution, although germination and early development was re- 
tarded. Aspergillus and Gedocephalum also grew and fruited, 
but the cultures were much behind the checks. /enzci//ium 
was inhibited by 7/28 but not killed by the saturated solution. 
Botrytis was also inhibited by 7/28 and was killed by 2/14. That 
the solution used was completely saturated was shown by the 
appearance of microscopic crystals in some of the hanging-drops 
which were exposed for a few moments to the air, the evapora- 
tion from the culture medium causing some of the strychnine 
to crystallize out. The fungi, however, continued to thrive in 
these cultures, their hyphae growing among the crystals. 

These results are in harmony with the theory of Loew: that 
the action of alkaloids is chiefly confined to the plasma of the 


' Pflanzenphysiologie, 2, 454 (1881). 

? Noted by O. Loew in Ein natiirliches System der Gift-Wirkungen, p. 
36 (1893). 

>O. Loew. loc. cit. p. 85 (1893). 
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ganglion cells. Fungi and bacteria having no differentiation of 
nerve protoplasm are practically unharmed by this agent. 

Potassium todide, bromide, and chloride. ‘These salts 
proved to have a very low toxic value. A complete series of 
cultures with the five molds was made up with the iodide only. 
Its coefficients were determined to be 384, 2¢57, and 4915: 
n 1 inhibited all except Aspergillus ; 22/1 was fatal to all except 
Penicillium, 

As the potassium salts of the halid acids are all quite highly 
dissociated, an attempt was made to determine the relative toxic 
properties of the ionic halogen elements. Aspergz//us and 


(Edocephalum were used. To these molds ionic I proved to be 
doubly toxic as compared with Cl. Br occupied an intermediate 


position, being very slightly more toxic than ionic Cl. 

Sodium salicylate C,H OHCOONa ; 24, 782, 182. It was 
thought desirable to test this salt on account of its wide use as 
a germicide in laboratories and elsewhere. It is, as will be seen, 
somewhat more toxic than HCl, but not so fatal as HNO. 
(Edocephalum was quite susceptible to its influence, 7/128 being 
fatal. It is not, however, of much value as a disinfectant, over 
one percent being necessary to prevent the development of 
molds. 

In the following table the various agents are arranged in 
the order of the their toxic properties as shown by their powers 
of inhibiting the germination of the spores of the five species of 
molds used. The fifth column gives in round numbers the 
number of molecules of each substance required to produce an 
inhibiting effect equal to that of ove molecule of mercuric chlo- 
ride. ‘The coefficients have as usual the value of x in the ex- 
pression 2/2048 of 7/1. 
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TABLE III 
Coefficient Coefficient 
Coefficient of of 

Agent Formula of injury inhibition death-point Ratio 
Mercuric chloride HgCl, .026 .281| 331 I 
Potassium bichromate K,Cr,O, .094 gi es 1.1 
Silver nitrate AgNO, .O13; 375 -375 1.3 
Potassium chromate K,CrO, | .156) 4 2.25 1.4 
Formaldehyde HCHO | .553) «1-43 2 5 
Hydrocyanic acid HCN / «365 3 | 20 | oat 
Cadmium nitrate Cd(NO,), | 075, 6.1 24 22 
Potassium cyanide KCN | 2.2 25.6 | 977 | gt 
Nickelous sulfate NiSO, | 4.8 33.6 (1155 120 
Ammonium hydroxide|NH,OH 8 51 | 83 | 182 
Cobaltous sulfate CoSO, 6 57-6 | 389 | 206 
Monochloracetic acid CH,CICO,H | 8.8 58 64 | 207 
Dichloracetic acid CHC1,CO,H | 10.4 64 64 | 229 
Acetic acid CH,CO,H 25.6 83 314 296 
Trichloracetic acid CC1,CO,H | 37 go 115 | 321 
Hydrogen peroxide H,O, | 38 105 127 | 375 
Ferrous sulfate FeSO, 14.4 115 2150 | 4t1 
Copper sulfate CuSO, 8.4 31 582 | 468 
Copper nitrate Cu(NO,), 8.4 134 634 479 
Nitric acid HNO, 48 I4I 384 503 
Potassium hydroxide KOH lie 166 282 593 

OH 
Sodium salicylate CHK 24 182 182 | 650 
CO,Na | 

Sulphuric acid $H,SO, 61 205 589 | 732 
Hydrochloric acid Hel 70 230 614 | 821 
Zinc sulfate ZnSO, 26.4 | 602 3072 2150 
Strychnine sulfate C,,H,,N,O,:H,SO, 179 |—- |—< _— 
Potassium iodide KI 384 2457 4915 | $775 
Ethyl alcohol C,H,OH 717 3686 8602 \13164 


Charts 5-7 are simply a graphic representation of the 


more important features of this table. 


The values of the abscis- 


sae in each case = x in the expression 1/2048 of a normal 
solution. ° 
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SUMMARY 


1. Fungi are in general much more resistant to most dele- 
terious agents than the higher plants. In the case of the min- 
eral acids a concentration of from two to four hundred times 
the strength fatal to the higher plants is required to inhibit 
germination of the spores of molds under favorable conditions 
for development. 

2. Different species of fungi present great differences of re- 
sistance to many agents. Of the agents tested in this study, 
NiSO, permitted the greatest specific variation and dichloracetic 
acid the least. 

3. Particular forms of the same species present very different 
powers of resistance, depending probably on previous environ- 
nent. 

4. Individual spores taken from the same pure culture 
often present considerable variation in resistance. 

5. The five forms used were found to be increasingly re- 
sistant to the toxic action of the acids in the following order: 
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Edocophalum, Botrytis, Penicillium, Aspergillus, and Sterig- 
matocystts. 

6. Edocephalum and Botrytis, although on the average the 
most susceptible to chemical agents of various kinds, have great 
specific resistances to certain agents. See FeSO,, KI, alcohoi, 
etc. 

>. Tests made with media not well suited for the normal 
development of the fungi tested, will give a correct value for the 
killing concentration, but the data regarding the point of in- 
hibition of germination in such media is not of value. 

8. Tests of the toxic value of solutions are unreliable when 
made in hanging-drop cultures where water was used in the bot- 
tom of the cell instead of a solution similar in composition to 
that forming the hanging-drop. The variation in the toxic value 
indicated from the actual value will depend on the vapor pres- 
sures of the solutions used. Volatile — especially highly vola- 
tile — and hygroscopic solutions will show the greatest error. 

g. Many deleterious agents which at certain concentrations 
retard germination and early development afterward cause a 
great acceleration of mycelial development in these cultures. 
This abnormal growth is ordinarily accompanied by retardation 
of fruiting. 

10. In the conidial stage the protoplasm of molds is in gen- 
eral more sensitive to the action of deleterious agents than at 
any other stage in their life history. 

11. The effect of the different deleterious agents on the ap- 
pearance of the mycelium is very varied and often quite charac- 
teristic. 

12. One is not justified in drawing any conclusions as to 
the killing powers of an agent from its effect in inhibiting the 
germination of spores. 





13. The hydroxyl group OH is rather more toxic to molds 


than ionic H. 

14. The toxic value of the halogens Cl, Br and I in the 
tonic state increases somewhat in the order of increasing atomic 
weight. 
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15. The cyanogen radical is a very powerful poison to fungi, 
KCN having nine times the toxic value of HCl. 

16. Mercuric chloride and silver nitrate are about equally 
toxic to molds, and are followed closely in toxic properties by 
potassium bichromate, potassium chromate, and formaldehyde. 

17. Strychnine and hydrocyanic acid, both extremely pow- 
erful poisons to the higher animals, and both supposed to act on 
the protoplasm of the nerve cells, react very differently towards 
fungi. To the molds strychnine is practically non-toxic, whereas 
hydrocyanic acid is a very violent poison. 

18. Nickel, cobalt, iron, copper, and zine inhibit mold 
spores in the order named. Zinc is much less toxic than the 
others. 

19. That an element is necessary for the nutrition of a 
plant, does not indicate whether it would or would not be a poi- 
son in greater concentration. See iron, oxygen, etc. 

20. That an element is not necessary for the normal devel- 
opment of a plant, does not imply that it would be injurious 
even in relatively great concentration. See chlorine, calcium, 
etc. 

21. The dissociation of the molecule of electrolytes in 
aqueous solution has a very important bearing in the study of the 
physiology of poisons. It is of especial value in determining 
the element or group of elements in a compound to which its 
toxic properties are to be attributed. 

22. In this study no new evidence has been adduced sup- 
porting the theory that the chemical activities of a substance are 
due wholly or chiefly to the dissociated portion. 

23. Evidence has been adduced to the effect that in the 
case of several acids dissociation /essens their chemical activity 
towards the substances involved in the life processes of plants. 

24. In the case of the eight acids investigated, six were 
found to be much more toxic in the molecular form than after 
dissociation. The toxic properties of these undissociated mole- 


cules varied from approximately 2.8 times that of ionic H in the 


case of acetic acid to 76.6 times that of H in hydrocyanic acid. 
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25. The substitution of Cl for H in the acetic acid radical 
has a double effect. In the first place, it increases the toxicity 
of the undissociated molecules to a greater or less extent depend- 


ing on the number of H atoms soreplaced. In the second place, 
it increases the dissociation of the acid. The amount of the dis- 
sociation is also dependent on the number of H atoms so re- 
placed, being greatest, as are the toxic properties of the whole 
molecules, when all three H atoms have been replaced by Cl. 

26. These two factors to a great extent counterbalance each 
other. Which has the greater influence in any given solution 
depends altogether on the concentration, the increased toxicity 
of the molecules having the predominating influence at the 
greater concentrations, and the dissociation being more effective 
at the greater dilutions. 

27. At the concentrations inhibiting germination of mold 
spores mono- and dichloracetic acids are more influenced by the 
increased toxic properties of the molecule, and trichloracetic by 
the dissociation. The former in #/35and # 32 concentrationsare re- 
spectively increased in toxicity 40 percent and 30 percent over 
the original acetic. Trichloracetic acid on the contrary, at 722.8 
concentration, suffers a reduction of 10 percent in toxic proper- 
ties as compared with the original acetic acid. 

28. The anions of the mineral acids, HC], HNO,, and H,SO,, 
have a low toxic value for fungi, having less than 1/32 that of 
ionic H. 

In conclusion I beg to acknowledge my indebtedness to Dr. 
B. M. Duggar, Instructor in Plant Physiology, and Prof. Geo. F. 
Atkinson, Professor of Botany in Cornell University, for much 
valuable advice and assistance, and constant encouragement. My 
best thanks are also due to Prof. W. D. Bancroft, and Mr. A. L. 
Knisley, of the Chemical Department, for much help and infor- 
mation on the chemical aspects of the work. 


Botanical Department, Cornell University 




















SOME BOILING-POINT CURVES’ 


BY J]. K. HAYWOOD 


Until recently, but little work has been done on the distil- 
lation of perfectly miscible liquids. In general, the problem has 
been attacked by measuring the vapor-pressure with varying 
composition, the temperature being kept constant. In this 
manner the characteristic phenomena were very completely de- 
termined by the work principally of Konowaloff,? the researches 
of Roscoe? on solutions of halid acids in water being also 
important in this connection. But very few pairs, however, 
have been studied of even the more common liquids. 

The investigation here recorded was undertaken to add to 
our knowledge of the properties of such liquids themselves and 
in the hope that accumulated data will make possible a clearer 
insight into the nature of the phenomena presented. Instead of 
measuring the vapor pressures with constant temperature it 
would appear to be more profitable to adopt the procedure more 
nearly like the conditions of actual practice. Therefore, as has 
recently been done by Thayer,‘ the variation of the boiling-point 
with composition under constant pressure has been studied. The 
apparatus used was essentially that of Orndorff and Cameron.’ 
The thermometer was graduated to one-tenth (o0.1°) and one- 
fiftieth could be readily estimated, but in general no attempt to 
read closer than one-tenth seemed to be warrantable. The 
thermometer had previously been carefully calibrated and no 
appreciable error could be occasioned from any inaccuracy of the 
instrument. All readings here given are uncorrected. 

The materials employed were all carefully purified and in 


(' Contribution from the Chemical Division, U. S. Department of Agricul- 
ture. ) 


? Wied. Ann. 14, 34 (1881). 

* Liebig’s Annalen, 112, 327 (1859) ; 116, 203 (1860). 
* Jour. Phys. Chem. 2, 382 (1898) ; 3, 36 (1899). 

> Am. Chem. Jour. 17, 57 (1895). 
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every case, before using, distilled through a high column still; 
first and last portions being discarded. In no case did the varia- 
tion in the boiling-point of the purified material amount to more 
than 0.5° C and seldom to more than 0.1° C. The alcohol was 
distilled from lime in the conventional way and afterwards from 
anhydrous copper sulfate. The methyl alcohol after long stand- 
ing over anhydrous copper sulfate was decanted and distilled. 
The acetone was long treated with calcium chlorid, filtered and 
distilled. The chloroform was washed with water four times to 
get rid of traces of alcohol, carefully dried over calcium chlorid, 
filtered and distilled. With the carbon tetrachlorid no treat- 
ment was found necessary other than the careful distillation 
through a high column. 

All the determinations were made at the prevailing atmos- 
pheric pressure, and the corresponding barometric readings are 
given. In no case was the variation large enough to seriously 
affect the value of the experiments. It is of course to be re- 
gretted, for purposes of comparison, that these pressures could 
not be the same in all cases, but no great difficulty arises from 
this cause. The tabulated results follow : 


TABLE I 
Alcohol and water 
¥, Alcohol Temp Bar % Alcohol Temp Bar 
100.0 78.2° 751.2 || 42.5 | 82.35°| 754.5 
85.8 78.4 751-4 37-4 83.0 | 754-1 
75-1 79.2 751-7 39-9 83-9 | 754.0 
62.6 80.35 751.8 24.4 85.4 753.8 
54-7 80.9 752.0 22.2 | 85.9 753-5 
51.2 81.5 752.1 18.2 | 87.3 753-3 
47.7 81.8 752.3 00.0 | 99.2 753-1 
45.1 82.1 754.8 
TABLE II 
Alcohol and ether 
', Alcohol Temp Bar Y, Alcohol Temp Bar 

100.0 79.0° | 772.1 49-2 | 45-7 | 771-4 
86.4 67.5 772.1 43-1 | 43-95 | 771-4 
74:8 | 58.5 772.0 36.4 | 42.3 771.3 
64.0 54.2 772.0 25.1 39:9 | 771-3 
57-5 | 49-5 771.8 11.8 | 37-5 771.3 
54-3 47-3 | 771-4 00.0 | 35-95 771-3 
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TABLE III 


Alcohol and carbon tetrachlorid 
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; “ Acetone Temp 
~~ 100.0 56.9 

88.2 59.1 

76.4 60.7 

68.5 61.6 
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TABLE VI 


Acetone and water 


Bar », Acetone 
772-5 45-2 
772.6 40.5 
772.6 33-4 
772.6 24.3 
772.6 18.4 
772.6 11.1 
773-0 0.00 


TABLE VII 


Acetone and methyl alcohol 


Bar ', Acetone 
764.5 47-5 
764.3 43-9 
764.3 38.2 
764.4 22.1 
764.5 20.9 
764.5 7-9 
764.6 0.0 
764.6 


In order to demonstrate more clearly 
minimum point, 


Bar ‘, Acetone 
765.0 88.2 
765.0 85.5 
765.0 


Table VIII 


Acetone and ether 
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TABLE IX 
Acetone and carbon tetrachlorid 


Acetone Temp Bar %, Acetone Temp Bar 
100.0 57.0 773-0 38.6 58.25, 772.5 
83.9 56.95 773-0 32.3 58.8 772-5 
74-7 57-0 773-1 24.9 59.8 772-5 
64.8 | 57 125 773-1 15.8 61.85 772.6 
56.4 | 57-3 773-0 9.6 64.55 772.6 
50.0 57-55 773-0 5-9 67.3 772-7 
45-4 57-5 773-0 2.5 72.15 772-7 
44.0 57-9 772-5 0.0 77-3 772.8 


The existence of a minimum point on this curve was more 
accurately determined by the following series, in which a Beck- 
mann differential thermometer was used on account of the large 
scale available in that instrument. 


,, Acetone Temp Bar "“, Acetone Temp Bar 
100.0 2.67" 772.6 71.2 2.67 222.9 
91.3 2.63 792.9 62.3 2.82 772.7 
81.0 2.62 772.7 58.1 2.93 772.6 


The significance of these results is more readily seen by 
reference to the accompanying charts. The temperatures are 
plotted as ordinates, and the percentage compositions by weight 
are taken as abscissas. Noessential advantage is to be obtained 
by calculating the composition in relative number of reacting 
weights, the curves being merely displaced to the side and the 
charts losing in clearness. For purposes of comparison the results 
of Thayer are included. 

In Fig. 1 the results for mixtures of the various liquids with 
alcohol are given. The curve for water needs no comment, as 
its general properties were known from the work of Kono- 
waloff. For the sake of completeness it was deemed worth 
while however to present these results. A practical application, 
in determining the composition of dilute solutions of alcohol by 


their boiling-points, appears worthy of consideration in this con- 
nection. The curve well illustrates the difficulty in fractioning 
alcohol with relatively small quantities of water.- With chloro- 
form and carbon tetrachlorid respectively very similar results 
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were obtained. Both curves show a minimum point. In the 
case of carbon tetrachlorid the mixture with constant boiling- 
point contains about 17.5 percent alcohol and boils at 
about 65.5° C under a pressure of 768.4 mm. mercury. The 
slight waviness noticed by Thayer at the alcohol end of the 
curve for chloroform does not appear in the case of carbon tetra- 
chlorid. In fact, if both curves had been determined at the 
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saine pressure it seems evident that the chloroform one would 
rise slightly then fall again until at about a composition of 35 
percent chloroform it would cut the curve for carbon tetrachlorid 
and from this point on the two curves diverge fairly rapidly. 
The curves for acetone and ether respectively present no un- 
usual features and require no further comment. 

An experimental point of importance is to allow the con- 
tents of the apparatus to cool well before adding successive por- 
tions of ether. My results here charted indicate the importance 
of this precaution, two of the boiling-points being obviously too 
high, probably on account of some of the material being lost by 
the violent ebullition resulting from adding the ether to the hot 
alcoholic solution. 

In Fig. 2 are plotted the curves for mixtures in which 





Alcohol 

Fig. 2 
chloroform is one constituent. With carbon tetrachlorid the 
curve obtained has neither a maximum nor minimum point, and 
presents no remarkable features. The curve for methyl alcohol 
is very similar in general features to the one for ethyl alcohol. 
It shows a minimum point corresponding to a mixture contain- 
ing about 87.5 percent chloroform and boiling at 54° C under a 
pressure of 770.2 mm of mercury. The waviness at the methyl 
alcohol end of the curve is quite as marked as in the case of 
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ethyl alcohol. Indeed this waviness would appear to be a gx 
eral characteristic for curves corresponding to chloroform so] 
tions. 

Fig. 3 illustrates the results obtained for solutions in whic! 
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acetone is a constituent. The curve for water is peculiarly 
interesting on account of the well-marked wavy character it pre- 
sents. It would appear that if the pressures had been the same 
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the alcohol and water curves respectively would have intersected 
in two points. Up to mixtures containing about 30 percent of 
acetone the two curves lie very close together. No maximum or 
ininimum point is shown. The curve for ether shows no special 
features. The curve for methyl alcohol, as it appears on the 
chart, is very similar to that for ethyl alcohol. It, however, has 
a true minimum point corresponding to 87 or 88 percent ace- 
tone, and a boiling-point of about 55.9° C at a pressure of 765 
mim of mercury. In other words, the boiling-point of the con- 
stant boiling solution is only about 0.8° below that of the pure 
solvent. It is fortunate, in view of this fact, that we are not de- 
pendent upon fractional distillatton for a separation of these sub- 
stances. 

The curve for carbon tetrachlorid is even more striking. It 
does not in the least resemble that for chloroform. All mixtures 
down to about 35 percent of acetone have practically the same 
hoiling-point as the pure solvent, and further the case is compli- 
cated by the existence of a true minimum point, as was shown 
by careful experiments, corresponding to a concentration of So 
to 85 percent acetone and with a boiling-point only about 0.05‘ 
below that of the pure solvent. The curves for methyl alcohol 
and carbon tetrachlorid respectively lie strikingly near each 
other for solutions down to about 12 percent of acetone, and in- 
tersect each other twice. A curious coincidence is the inter- 
section of the three curves for methyl alcohol, carbon tetra- 
chlorid, and chloroform respectively at practically the saime 
point. 

From the cases so far studied certain generalities are indi- 
cated, though the number of cases is hardly sufficient to justify 
inore than tentative statements. It would seem that the exist- 
ence of a maximum or a minimum point is more probable when 
the boiling-points of the constituents themselves lie near one 
another. The case of carbon tetrachlorid and chloroform imime- 
diately suggests itself as an exception, but the fact of the close 
chemical relationship of these two compounds may very readily 
be a strong modifying influence. From the results of Lehfeldt,' 


' Phil. Mag. [5] 46, 42 (1898). 
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it would appear that the curve for carbon tetrachlorid and be: 
zene is also an exception, but it cannot be admitted that t 
nature of this curve is established, on account of the very i 
observations upon which it was plotted, and it is not unlike! 
that further work will bring this case into line. 

With the same solvent, substances of a similar chemi: 
nature apparently vield similar curves. One well marked « 
ception appears: carbon tetrachlorid and chloroform in acetone, 
for which no explanation is at present obvious. 

For counsel and assistance in the investigation here pr 
sented, I am indebted to Dr. Frank K. Cameron. 

At an early date I hope to present the results of observa- 
tions upon solutions in benzene, methyl alcohol and other so!- 
vents. 

From the facts here presented the following conclusions 
may be drawn : 

1. All mixtures of the following pairs of liquids boil at tem- 
peratures between the boiling-points of the constituents: alcoho!- 
water, alcohol-ether, chloroform-carbon tetrachlorid, acetone- 
water, and acetone-ether. 


2. A solution containing 17.5 percent alcohol in carbon 
tetrachlorid, distills without a change at 65.5° C, approximately, 
under a pressure of 768.4 mm of mercury. 


3. A solution containing 12.5 percent methyl alcohol in 
chloroform distills without change at 54° C, approximately, 
under a pressure of 770.2 mm of mercury. 


4. Asolution containing 12 to 13 percent of methyl alcohol 
in acetone distills without change at 55.9° C, approximately, 
under a pressure of 764.8 mm of mercury. 


5. A solution containing 15 to 20 percent of carbon tetra- 
chlorid in acetone distills without change at a temperature but 
0.05° below that of the pure acetone, and all mixtures contain- 
ing more than 4o percent of acetone boil within one degree of 
the boiling-point of the acetone itself. 


6. The close proximity of the boiling-points of the con- 
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stituents appears to be a favorable condition for the existence of 
| Maximum or a minimum point on the boiling-point curve. 
Similarity of constitution seems to be a strongly modifying con- 
dition however. 


7. In general, one constituent remaining the same, mixtures 
with substances of similar chemical constitution yield similar 
boiling-point curves. 





THE DELIQUESCENCE OF POTASSIUM NITRAT! 
SODIUM NITRATE, AND AMMONIUM NITRATE 


BY F. L. KORTRIGHT 

In spite of the fact that the nitrates of potassium, sodium, 
and ammonium are largely used in the manufacture of explo- 
sives and on that account an accurate knowledge of thei 
deliquescence is desirable, I have not been able to find any such 
information in the literature. No less an authority than Profes- 
sor Lunge,’ in speaking of the solutions from the lixiviation of 
the bags in which Chili saltpeter has been imported, says: “ The 
solution is evaporated to a small bulk and crystallized. The 
mother-liquor from this operation is always very rich in chilo- 
rides, which seems to show that the deliquescence of sodium 
nitrate is not a property of the pure salt, but is owing to thie 
magnesium chloride and calcium chloride contained in it, since 
the dampest salt still adheres to the bags.” And statements like 
the following appear in the handbooks * “Sodium nitrate is 


’ 


hygroscopic, according to Brandes deliquesces in moist air com- 
pletely,” ands “ Potassium nitrate absorbs water slowly from the 
air; 100 parts in the presence of water at 14-22° C in 22 davs 
absorbed 339 parts of water. Small quantities deliquesce.” 
Such statements as these last, while not incorrect, have no 
value. For the percentage of moisture which the air must con- 
tain before it may be called moist is certainly amatter of opinion 
and any soluble salt will absorb water more or less rapidly, if 
placed over water. 

The trouble seems to be in the lack of an appreciation of 
the condition that leads to the deliquescence of a salt, and, 


' Sulphuric Acid and Alkali, 2d Ed., Vol. I, p. 82. 
* Dammer. Handbuch der anorganischen Chemie, 2,, p. 196. 
* loc. cit. 2,, p. 75. 
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though this condition is a natural consequence of long known 
physical laws and has been stated plainly in at least one other 
place,’ the apparent ignorance concerning it will justify a 
restatement in this place. 

A salt is deliquescent when the pressure of the water vapor 
from its saturated solution is less than the partial pressure of the 
water vapor in the surrounding air, and only then. Understand- 
ing this, we at once have a means for accurately determining the 
conditions under which a salt will deliquesce, for a determination 
of the vapor-pressure of its saturated solution gives the informa- 
tion desired. I have, therefore, thought it worth while to make 
these determinations for these three more common and_ im- 
portant nitrates. 

The sodium nitrate used in these experiments was kindly 


furnished me by Dr. A. E. Taylor, and was very pure, being a 


portion of the material? which he prepared for his work on 
* Precipitation of Salts.” 

The potassium nitrate was from Bender and Hobein and 
was marked Ph. III. 

Both of these salts were finely pulverized and then dried in 
the air-bath at 145-150° for five hours. 

The ammonium nitrate was the purest at hand in the Uni- 
versity store-room and showed no tests for the ordinary impuri- 
ties. This was finely pulverized and dried for seven hours at 
100-110° C in the air-bath. Fearing that the prolonged dry- 
ing had caused a partial decomposition into the nitrites, the salts 
were tested by Glosway’s modification of Griess’s method, using 
sulphanilic acid and a-amido-naphthaline acetate. The sodium 
and potassium nitrates showed no sign of any such decomposi- 
tion and the ammonium nitrate only contained a trace of the 
nitrite. 

In practice it was found easier to determine directly the 
partial pressure of the water vapor in the air in which the salt 
would first deliquesce instead of determining the vapor-pressure 

' Bancroft. The Phase Rule, 51. 

* Jour. Phys. Chem. 1, 718 (1897). 
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of the saturated solution of the salt in question. This was do: 
by preparing desiccators with sulphuric acid solutions of knoy 
composition and vapor-pressure.' Table I shows the vapo 
pressure of the acid solutions used. 


TABLE I 

Vap. press Vap. press 

H,SO H,O | 0.15 || H,SO,+ 9H,O | 10.83 
H,SO,- 2H,O | 0.85 || H,SO, + 11H,O | 12.32 
H,SO, + 3H,O | 2.24 H,SO, + 14H,O | 13.50 
H'SO| + jH.O | 3.73 H.SO; + 17H.O | 14.48 
H,SO 5H,O | 5.79 H,SO, + 25H,O | 15.55 
H,SO,+ 7H,O | 849 | H,SO,+ 50H,O | 16.55 
Pure H,O 17.40 


The column marked vap. press. gives the vapor-pressure of 
the solution opposite, in mm of mercury, at 20° C. 

These acid solutions were made from acid marked C. P., but 
containing considerable lead sulphate and fairly free from other 
impurities. The strength of the acid was determined by weigh- 
ing out portions in glass-stoppered weighing tubes, dissolving in 
water and titrating with a carefully standardized #5 normal 
solution of potassium hydroxide. The mean of three closely 
agreeing determinations gave 93.42 percent as the strength in 
sulphuric acid (H,SO,). The amount of water necessary for the 
desired strength of solution was then weighed off and added to 
the proper amount of acid. Care was taken in mixing to con- 
stantly keep the solution cool so as to avoid loss of water 
through evaporation and the acid was kept carefully covered to 
prevent gain of water by absorption. The acid solutions were 
then placed in ordinary six-inch desiccators and over them were 
piaced the nitrates, about three grams on two inch watch-glasses 
which had already stood in the desiccator 24 hours to come to 
equilibrium. No particular effort was made to keep the desic- 
cator at a constant temperature, for it was assumed that, for the 
small variations of temperature which they would undergo in 
the laboratory, the variations in the vapor-pressures of the acid 

' These values are mostly from Regnault. Ann. Chim. Phys. (3) 15, 179 


(1845). The vapor-pressure of H,SO, + 50H,O is from R. v. Helmholtz. Wied. 
Ann, 27, 534 (1886), and H,SO, — 14H,O and — 25H,O are interpolation values. 
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and salt solutions would be in the same direction and nearly 
equal, so that the comparative result would not be effected by 
the temperature change, and this assumption was justified by the 
fact that although the observations extended over several weeks 
the results remained constant. 

Table II shows the result of these observations, n. c. indi- 
cates “no change” and means that no change in weight occurred 
in those cases, although several weighings were made in each 


case. 
TABLE II 
H,SO, + 
H.O 2H,0 3H,O 4H.O 5H,O 7H,O_ 09H,O 
KNO ne ne ne ne ne ne ne 
NaNO, | ne ne ne ne ne ne nc 
NH,.NO, ne ne ne ne ne ne | Deliq 
HH.O 14H,O 17H,O 25H,O 50H,O Pure H,O 
KNO ne ne ne ne | Deliq — 
NaNO, ne | Deliq) — — — — 
NH,NO, {— —_— | — — — ~— 


From this table one sees that the deliquescence begins as 
soon as a certain vapor-pressure is reached and only then and 
further it may be seen that these particular salts are not hygro- 
scopic. This fact was strikingly shown by a three gram sample 
of sodium nitrate which weighed with glass 8.1488 grams and 
became wet over HSO,+ 17H,O. It was then removed from 
the desiccator and left for 24 hours protected from dust and ex- 
posed to the atmosphere of a steam heated room, at the end of 
the 24 hours it weighed 8.1490 grams. 

It may then be considered demonstrated that at 20° C am- 
monium nitrate will deliquesce when the partial pressure of the 
water vapor in the air is equal to, or greater than, 10.8 mm of 
mercury and will not deliquesce when this pressure is equal to, 
or less than, 8.5 mm of mercury, the exact point where deli- 
quescence begins is probably about a mean of these values; with 
sodium nitrate the deliquescence point lies between 12.3 and 
13.5 mm of mercury, and for potassium nitrate it is between 15.5 
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and 16.5 mm. of mercury and probably more near the up) 
value. 

It has been shown by Emden’ that even with highly co: 
centrated salt solutions the relative vapor-pressure lowering 
proportional to the concentration and independent of the tem 
perature. This may be expressed by the equation 
:~—/ 

p 





Su 


where s is the salt content in grams per 100 grams water, « is 
the proportionality constant, P the vapor-pressure of water, and 
p the vapor-pressure of the salt solution. Solving for f we hav: 


p= P — Psp. 
Therefore knowing P, s and w we can determine f. That is, 
we can determine the condition for the deliquescence of that salt. 
> and s may be obtained from well known tables, and w may b« 
sufficiently accurately estimated from Emden’s results. The 





value of mw for various values of s, for sodium nitrate and fo: 
potassium nitrate, are given in Table III. 





TABLE III 
















NaNO, KNO 
5 B Ss BB 
19.68 ( 1.00373 10.04 0.00308 
41.75 0.00349 14.88 0.00291 
60.10 0.00330 20.07 0.00279 
79.87 0:00312 25 01 0.00268 


A glance at these values will show that « for sodium nitrate 
varies about 0.00001 for each gram change of concentration and 
for potassium nitrate about 0.000023, so that taking the w for a 
concentration most near to the concentration of the saturated 
solution we can easily interpolate a sufficiently accurate value 
for the # of our saturated solution. 

Calculating f by the above formula we have Tables IV and 
VY, in which the various letters have the significance already as- 
signed to them. / is therefore, the vapor-pressure of the satu- 
rated solutions of sodium nitrate and of potassium nitrate, at the 






' Wied. Ann. 31, 167 (1887). 
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lifferent temperatures. That is, # shows the partial pressure 
that the water vapor in the air must have before the salt will 
deliquesce at the temperature stated. 








TABLE IV 
NaNO, 

Temp s pe P p 
eo ¢ 72.9 0.00319 4.6 3.5 
10 S80 9 0.00311 9.17 6.9 
20 87.5 0.00305 17.39 12.5 
30 94.9 0.00299 31.55 22.0 
4o 102.0 0.00292 54.90 38.1 

TABLE V 
KNO, 

Temp § pe P p 
of} 14.3 0.00295 4.6 4.4 
10 a6. 0.00277 9.17 8.7 
20 31.2 0.00255 17-39 16.0 

30 44.5 0.00230 31.55 28.3 


The vapor-pressure of the two salts at 20° C calculated in 
this way agrees with the values experimentally found. 

I have thus shown the definite conditions under which the 
salts considered will deliquesce. The explanation of the con- 
centration of the magnesium chloride in the lower part of the 
pile of Chili saltpeter is a simple matter, if we consider that 
the saturated solution of magnesium chloride has a much lower 
vapor-pressure than that of sodium nitrate. The magnesium 
salt will, therefore, deliquesce at a lower partial pressure of water 
vapor in the atmosphere than the sodium nitrate and will thus 
be dissolved out from the mixture. 


Cornell University, March, 1899 




















ON THE STABILITY OF EQUILIBRIUM OF A ONE 
COMPONENT SYSTEM 


BY PAUL SAUREL 


A one-component system may consist of one, two, or thre: 
phases, and the energy ¢, of the unit of mass of the 7th phase is 
a function of the entropy 7, and the volume z; of the unit mass. 
If we denote the energy of the system by E, and the mass of the 
-th phase by M,, we may write 


, 
E => Me«,, ee 


“; 
i=I 


For any virtual change in the system we shall have 





dE = = Mée, + 5 ¢6M,, 
I I 


i i 





or, since €; is a function of »n, and z,, 


nea “N (~* 7 dc, 2.) 
bE - Ps a i 8, 57,0 







» " 0’e, vat ae 0"e, » 1 S% asl. \ 
[, Maye < d7,du, én ov, de, ov, ) Fath 5M . 


But, if ¢and / denote the temperature and the pressure of thie 
system, the conditions of equilibrium are 

de, Oe, de de, p 

on, 2», : v, 2, 
ty: + pi; « — fy, + po,. 
Making use of the first two conditions, we may write 











SE = ¢E Mdyn,— p> Mz, -+ 26M, 
t= g=1{ i=! 






0 ; 
br Zz - 6v, ‘ 
2 5g WBe. + aos ) 


44S) (3 
ed ay? 67, 
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Moreover, if the entropy, volume, and mass of the system be de- 
noted by H, V, M, we have 


H—-=M”", V==M2, M=2M, 
I 


1 i=1 t*=I1 


ind 


6M éM.. 


I 


i) 


sH — 5 Mdy,-+ 248M, 8V==EMA2,4+ 575M 
I 1 I 


? I ! 


\| t4~ 


1 
Making use of these relations and of the last of the conditions of 
equilibrium we easily obtain 


bE — 48H — pdV + (€.— %&, + pv,)dM 


NX co - , , 0%,  , OG oc 
Pe bn? + 25 3. Onde + 3 6v*). 


The condition for stable equilibrium is that for any virtual 
change in which the entropy, volume, and mass remain con- 
stant, the energy increases. That is to say, if 

sH=o0, 8V=0, 6M =o, 
we should have 
SE > o. 


The condition for stable equilibrium is, accordingly, 


NX) (3 ee a . 
— M, dn! 69, * Sie. 6n,62, a0? ov, ) Oo. 


i 


Let us consider first a system containing three phases, an 
invariant system. In such a system the values of the inner 
variables ,, 7; are fixed, but the masses of two of the phases 
imay be taken arbitrarily. In the above expression we may 
accordingly take two of the masses so small that the term con- 
taining the third mass gives its sign to the whole expression. 
Accordingly, the coefficient of each of the M’s must be pusitive. 

Suppose next that the system is in two phases. In such a 
lnivariant system, for given values of the inner variables, the 
inass of one phase is still arbitrary. We may therefore take one 
of the two masses so small that the term containing the other 
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gives its sign to the whole expression. As before, the coefficien 
of each of the M’s must be positive. 

Obviously, when the system contains but one phase we ge' 
the same condition as before. Thus, we must have 


0’e 0% ae 
« $y, +2 : ov, + ‘6v? >0: 
an” 97,02" én du 
and the familiar conditions for this are 
0°e, 
= >O0o 
On, 
O°, Oe, 
On; 07,07, 
‘o. 


O’e Oe, 
07,07, 02,” 


If we make use of Gibbs’s en-z diagram, and if we state in 
geometrical terms the conditions that we have obtained, we get 
at once the following theorem, which is due to Gibbs.’ 

In order that the equilibrium of the one-component system 
should be stable, it is necessary that at the points of the primitive 
energy surface which represent the coexisting states, the surface 
should be convex in all directions and this convexity (the €-axis 
being drawn upward) should be turned downward. 


Université de Bordeaux, May, 1899 


‘Gibbs. A Method of Geometrical Representation of the Thermody 
namic Properties of Substances by Means of Surfaces. ‘Trans. Conn. Acad. 2, 


390 | 1873 ). 


























NEW BOOKS 


Theoretische Chemie vom Standpunkte der Avogadro’schen Regel und der 
Thermodynamik. Ay Walther Nernst. Second Editon. 16K 250m; pp. xvi 
and 703. Stuttgart: Ferdinand Enke, 1898. — The oid classification has been 
followed practically without change, the only alterations being the insertion of a 
chapter on metals and metallic alloys and the splitting up of electrochemistry 
into three chapters. The particular arrangement adopted here was interesting 
in the first edition as a brave though somewhat unsuccessful attempt to present 
the whole field of physical chemistry in a logical manner in one volume. One 
serious objection to the original classification was that a large number of phe- 
nomena appeared twice. It is very unsatisfactory to find that in five years 
Nernst has made no real progress. In fact it would hardly be too much to say 
that he has gone backward. In the first edition he put the phase rule in the 
wrong part of the book ; but, at that time, there was the excuse of ignorance for 
such a mistake. The mistake has been repeated in the second edition, and an 
ittack is made on Roozeboom for stating that the phase rule offers the best 
basis for a classification. To this Nernst makes the extraordinary reply that 
the phase rule says nothing about polyvariant systems and that the mass law 
ind the theorem of van ’t Hoff are much more important than the phase rule 
Chis confirms the general impression already obtained that the fundamental 
principles of a good classification do not appeal to Nernst. The beauty of the 
phase rule is that, though qualitative, it is absolute and applies to every case of 
equilibrium, including the polyvariant systems. It is therefore the framework 
on which everything must rest. Whether the primary division is according to 
components and the secondary one according to variance, or vice-versa, depends 
‘on the relations which are to be emphasized; but one or the other should be 
alopted if really satisfactory results are to be obtained. Having the frame- 
work, it is possible to fillin. While the phase rule applies to all systems, its 
results are exceedingly general. The direction of a change can be learned 
qualitatively from the theorem of Le Chatelier and quantitatively from the mass 
law and the theorem of van 't Hoff. The quantitative relations should always 
he considered with reference to the phase rule classification. Nernst has not 
done this and has evidently fallen into the error of supposing that the phase 
rule and the mass law are in some mysterious way mutually exclusive, whereas 
they are really supplementary. His mistake really rests ona false analogy. He 
compares the rdle of the phase rule in physical chemistry to that of the law of 
the conservation of mass in general chemistry. The two have the common 
characteristic of being rigidly true; but, in some ways, it would have been 
more accurate to have compared the position of the phase rule in physical 
chemistry with that of the periodic system in inorganic chemistry. 
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The second elition contains only about one hundred pages more than t! 
first edition, so that it is evident that the author has devoted himself energe: 
ically to the task of compressing the new material that has accumulated in su 
quantities in the past five years. Unfortunately it appears that there has he 
quite as much omission as compression. Giving references to all the more im 
portant papers on any subject does not necessarily involve a discussion of thi 
articles and is of great assistance to those who rely on the text-books to fi: 
out what has or has not been accomplished. This volume of Nernst’s will not 


be very serviceable to such people. Taking merely the one subject of reaction 
velocity as typical, there are no references to Long’s work on the catalytic action 
of salts; to de Hemptinne’s paper on the catalysis of esters; to the decompos 
tion of diazocompounds studied by Hausser and Miller; to the change of met: 
phosphoric into orthophosphoric acid (Sabatier) ; to the change of synaldoximes 
into antialdoximes (Ley); to Wagner's work on the amidosulfonic acids; to 
Trevor and Kortright’s method of following the reaction velocity by means ot 
the boiling-point ; to the work of Kastle, Murrill and Frazer; to the papers ot 
Petersen, Tafel, Burchard, Gennari, Hantzsch and Miolati, Moro, Schwicker 
and Storch, not to mention others. The work of Carrara on the effect of the 
solvent has been overlooked. 

Most of the mistakes in the first edition are to be found in the second 
The effect of pressure on the electromotive force of the Clark cell is ignored ; 
the application of the mass law to the case of hydrates in solution is reprinted 
without change; there is nothing to show that the distribution law cannot 
apply rigidly when the third component is a liquid. In view of the extra spac« 
accorded to electrochemistry, it is a little surprising to find no discussion of the 
calomel electrode. A careful study of the book will make it plain that the 
revision has been a perfunctory one, that it was a task to be got through with, 
and that consequently the volume does not represent adequately the present state 
of the science. Wilder D. Bancroft 


Physical Chemistry for Beginners. ty Ch. van Deventer. Translated 
by R.A. Lehfeldt. 13% 19cm; ppxviand1y6. London: Edward Arnold, 
1898. Price: cloth 2s. 6d. 

Physical Chemistry for Beginners. /’y Ch. van Deventer. Translated 
by Bertram B. Boltwood. 13X19 cm; pp. x and 154. New York : John 
Wiley and Sons, 1899. Price: cloth $1.50. 

The German edition has been reviewed in this Journal (1, 671). The work 
of both translators is good. It seems unfortunate that two translations should 
have appeared simultaneously in this way. It is a striking instance of how de 
sirable it would be, if only a sort of scientific clearing house could be estab- 
lished ; a general bureau where record would be kept of all work going on in 
all laboratories. Before undertaking a piece of work an investigator could then 
be certain the field was clear and the saving of time, now lost by useless dupli- 


a. as Bigelow 


cation, would surely be great. 




















NOTES ON THE ENERGY THEORY 


BY J. E. TREVOR 
I. The Energy Equation 

The energy theory is a formulation of the relations that 
obtain between the measurable elements of phenomena. It pre- 
supposes, therefore, the fundamental postulate of physical 
science, the law of causality, that all physical changes are 
related directly or indirectly to one another. 

The possibility of giving a quantitative formulation to this 
law of causality arises from the recognition that mechanical 
work can be produced only at the expense of some outstanding 
physical change, and that expenditure of work is always attended 
by acorresponding change. All physical phenomena being inter- 
related, all therefore present a mechanical side ; so all possible phys- 
ical changes can be brought into relation with the production 
or expenditure of mechanical work.’ Changes, further, which 
result from expenditure of the same amount of work must be 
eguivalent in a work sense, else combinations of such changes 
could be made to yield uncompensated work (a _ perpetual 
motion). We can, therefore, define the work-equivalent of 
any definite physical change as a quantity that is measured by 
the work which must be expended to produce the change. Thus, 
the work-equivalent E,, of the transport of the weight w through 
the height 4, — #, against gravity is 

E,, = w(h,—A&,). 
The work-equivalent E,, of the change of the rectilinear velocity 
ds dt of a body from 7, to v,, is, from 


f a’s 
' = dt’ 
ds a’s as 
fa t=" Ge a ® 
mM 
E v.—v 
=> (%—9) 


Compare Mach’s writings on this subject. 











340 J. &. Trevor 


The work-equivalent of the change of temperature of a body m 

be expressed in units of the mass of water whose temperature 
would be raised through a fixed standard difference of tempera- 
ture by means of the action employed. And so on, indefinitely. 

With the aid of these conceptions of work and of the work- 
equivalents of physical changes, we can formulate the law of caus- 
ality in the statement that in any physical change the algebraic 
sum of all the developments of work and work-equivalents van- 
ishes. Or, stated otherwise: The algebraic sum of all the work 
and work-equivalents added to any given system of bodies during 
any change of the system, is the change of a definite function of 
the independent variables whose values determine the state of 
the system. For, if this were not so, it would be possible to gain 
uncompensated work from cyclical operations following different 
paths between two end states of the system. The function in 
question is called the energy E of the system. It will be noted 
that this quantitative formulation of the fundamental scientific 
postulate is an 7v/egra/ principle. 

It must not be overlooked that the work added in a change 
of state of a system of bodies is not a function of the state- 
variables +, +, ... of the system; and, also, that the work- 
equivalents thereby added are not such functions. The same 
change of state can always be effected by adding work W and 
work-equivalents E in different ratios; that is, the variations of 
these quantities are functions of the changes of the state-variables. 
This state of affairs is most suitably indicated by writing 

d’W=V dx, + Y,dx,+... 
@E = X,dx,+ X,dx,4+...; 
where the Y’s and the X’s are functions of the state-variables, 


and the notation’ @’W and a@’E indicates that the quantities W 
and E are not such functions. Adopting, further, the notation’ 


1 12 


2 2 
W,=\|@W, £E,=\|@E, 


‘W. Voigt. Kompendium der theoretischen Physik. Vol. I. p. 21 (1895). 
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where the indices refer to different states of the changing sys- 
tem, the energy law 
Ch oe Wt We 8 
+ + + cee 
may be cast into the differential form 
dE—s7W + s@'E, (1) 

where the summations are extended over all the different forms 
in which work and work-equivalents are added to the system. 
From this recapitulation of the fundamental ideas of the energy 
theory we see clearly that 7¢ zs essential to distinguish, in the 
energy equation, between work terms and work-equivalent terms. 

From the definition of work, we know that each of the work 
terms of equation (1) has the form Pep, where fp is a force 
(proportional to mass and acceleration), and dp is a change of 
space. The quantity may, for example, be a force applied at 
a point, or a force applied at a line (a tension), or a force applied 
upon a surface (a pressure); the corresponding ¢p being then, 
successively, either the differential of a distance, of a surface, or 
of a volume. Now, in order to utilize equation (1) to find rela- 
tions involving the parameters that govern the transfers of work 
equivalents, it becomes necessary similarly to express the work- 
equivalent terms @’E with the aid of these parameters and their 
changes. To do this is the object of ‘the potential theory’. 


II. Potentials 


1. Potentials uniquely determinate. . We may imagine 
that any definite physical change can be effected through the 
expenditure of work. Work can, for example, be expended to 
change the relative positions of bodies in a field of gravity, to 
change the velocity of a moving body, to change the electro- 
static attraction between electrified bodies, to change the tem- 
perature of a body. And, if such actions are executed reversibly, 
no surplus work will be wasted in other changes, and the 
work that has been added can be regained through reversal of 
the operations. The result, then, of each such operation is ‘0 
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store work as the work-equivalents of the change that is effect 

Different stores of any same kind of work-equivalents m 
be regarded as having different physical levels, when work m1 
be expended, positively or negatively, reversibly to trans! 
work-equivalents from the one store to the other. Stores havi: 
the same height, or velocity, or temperature, etc., have then t!) 
saine levels. 

When an expenditure of work gives rise to no change, in 
the system of bodies acted upon, other than the change of level 
that it is desired to produce, the resu:t of the operation is to 
start with the initial store E, of work-equivalents of the system 
at the initial level, to add reversibly the work w, and to close 
with the total store of work-equivalents E,—E,~ w at the 
final level. This operation is represented sclie- 


+ —> ° . : a: , 
& matically in the accompanying Fig. 1. When, on 
A the other hand, the change of level cannot be 
w 


effected in a single direct operation, without 
simultaneously producing further change in the 
state of the system of bodies acted upon, thie 
7 +—E, same result as before can be achieved by passing 
the system through a reversible cycle of opera- 





E+w=E, tions made up of two paths at the two different 
Fig. 1 constant levels, their ends being joined by two 


‘adiabatic’ paths, — i.e. paths in which no work-equivalents are 
added to the working system, paths subject tothe condition@E — o. 
Thiscan always be done when, assupposed, work can be expended 
to effect the change that isin question. The working system be- 
ing hereby returned to its initial state at the close of the opera- 
tion, no permanent change is effected other than assumption of 
work-equivalents E, at the initial level, addition of work w, and 
deposition of work-equivalents E,— E, | w at a store at thie 
second level. We thus attain the same net result as before. 
The whole operation may be termed a Carnot cycle. 

In ordér to obtain a quantitative measure of the differences 
of level of different stores of the work-equivalents of any given 
kind of change, these differences are measured by the number of 
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‘qual increments of work required to traverse them 77 a@ cer- 
ain definite sertes of reversible operations, these operations 
being Carnot cycles when necessary. This series shall be so con- 
structed that the work-equivalents assumed by the working sys- 
tem at each level shall be equal to those deposited there in the 
preceding operation. The differences of level so measured shall 
be termed the differences of potential of the stores of work- 
equivalents. 

The difference of potential between any two fixed levels is a 
constant quantity, —it is not dependent upon the path pursued 
between the two. For: Let the diagrams a and 4 of the ac- 
companying Fig. 2 represent any two reversible paths, Carnot 


Ee — 4 | — 


w w 








+-_—»> E. ee 


(a) (a4 


Fig. 2 


cycles if necessary, between two stores at the different levels 1 
and 2; and let it be supposed that the work-equivalents E, are 
taken up at 2. Reversible transport to 1, along the path a, yields 
the work zw; and the work-equivalents E, are deposited at 1. 


Here, of course, E, = w- E,.. Let, now, E, be taken up for 
transport along the path a’: work zw’ will be required, to de- 
posit the sum E+ w’ —E’, at the initial level 2. Nothing 


else occurs. Suppose now the quantities w and zw’, which meas- 
ure the difference of potential of the two levels, to be not equal: 
say 


Then 
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and the two operations taken together would yield the gain of wor! 


=o) oe 


a a 
at the expense of the work-equivalents E,— E’, taken from th 
store at the constant level 2. This result, however, is im 
possible, since work-equivalents at a constant level cannot bh: 
converted reversibly into work, —outstanding changes being ex 
cluded. Hence 


via a, ,’ . 
< - a“ 


that is to say, the difference of potential of the two stores o! 
work-equivalents is a constant quantity. So we see that the 
potential of a store of work-equivalents is determinate, except as 
to an additive constant, when the state of the system carrying thie 
store is fixed; or, in other words, that the potential is a definit« 
function of at least one of the state-variables of the system.’ 

It might be objected, to be sure, that in the isothermal ex- 
pansion of a gas, for example, work can be obtained from a stor 
of thermal work-equivalents at constant thermal level (constant 
temperature). This operation, however, differs wholly from 
those considered above, in that it involves an outstanding change 
of state of the gas at the close of the expansion. 

2. Quantity-coordinates.— Let us consider the definite 
E= series of operations that serves to define the 
— V scale of potentials of a series of stores of thie 
work-equivalents of any given kind of change. 
<— 3 We will suppose these operations to be rever- 
w= sible Carnot cycles, — which indeed they ma) 








<= 2 be in all cases. Representing the potentials 





wl along a vertical scale, we may represent the 
+ . . 
series by some such schematic arrangement as 
w=) 











that of Fig. 3. In the first cycle the work- 

~~ Fs : : 
Fig. 3 equivalents E, =-o will be taken up at zero 
potential ; wherefore the work-equivalents taken up in each 


' The potential being a function of the level, it is a function of the state 
variables that determine the level. Thus the gravitation potential, and the 
thermal potential, are each functions of but one variable; while Gibbs's 
chemical potential of a component, in an ”-coumponent phase, is a function ot 
the (7~—1) ; 2 variables that are necessary to fix the chemical level. 
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successive cycle will equal the total work stored, up to that 
point, in the series of operations. That is, at the general value 
\ of the potential, it will be V. 

In a similar series of cycles, but in whieh the m-fold quan- 
tity of work is added in the first cycle, the work-equivalents 
idded in the second cycle must be m-fold the previous value, 
namely E,= mw. Continuing to add the m-fold work in each 
evele, the work-equivalents added in the third operation will be 
Ek -2m; andsoon. At the general potential V, accordingly, 
the work-equivalents added will be Vw. This state of affairs is 
represented in Fig. 4. 


E = 




















<— Vm 

— 3m 
w -—-m 

_— 2m 
w=-m 

<_— m 
w-=-m 

<< O 

Fig. 4 


So we see that the ratio of either of the quantities E of 
work-equivalents, added (positively or negatively) to a working 
system in any reversible Carnot cycle, to the potential V at 
which it is added, is necessarily 


E 

z m 
\ 

—is proportional to the work taken up in any one of the cycles 

of the corresponding series, one cycle being introduced for each 

unit of difference of potential. 
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For the two additions of work-equivalents to the cycle, 
have, therefore, 


m 


| 
t 
= mt, 
from which we can conclude that, keeping the two potentials 
constant, an m-fold change of the E, will determine an w-folc 
change of the E, also. But these changes will furnish the two 
isopotential paths of a new cycle, since a cycle with m-fold E 
may be shown to be identical in result with m cycles, each 
taking up the original E. Wherefore, in any reversible Carnot 
cycle the change of the quantity m ts the same along each iso- 
potential path. We may say indeed, and very suitably too, that 
the cycle serves /o ¢ransport the m from the one potential to the 
other. 
It follows herefrom that any finite reversible change of state, 
say from the state a to the state 4 in the accompanying repre- 
sentation of Fig. 5, which is combined from the preceding Figs. 

















V 
o+ f b B c 
w-1 
i4 e x 
d a 








m 

Fig. 5 

3 and 4, completely determines the change m, — mz, of the quan- 
tity m. For, the change of m is the same along the path 8 that 
it is along the path a, and m has equal values at a and at «. 
The quantity E,, of work-equivalents taken up in the reversible 
change from a to @ is, however, for example, not determined by 
the change of state, — it depends upon the path pursued between 
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the two states. Along the path a d 4, to illustrate, it would be 
Wao = V3 (a) 
while along the path a e /4 it would be 
EF” » = Vm — V,(m — 1), 


or, since V,= V, + 1, 


EF” 6 Vim — (V,+1)(m—1) 
¥, a+ 4, (6) 


i 
which is altogether different from (a). 

Now, any reversible addition E of work-equivalents to a 
working system, even though it be made at continuously vary- 
ing potentials, may be regarded as a sum of infinitesimal ele- 
ments @’E, each added at a constant potential. The relation 

E 
, m 
\ 
for any reversible isopotential path may, therefore, for any re- 
versible change whatever, be written 
ae 
; dm. 2 
\ (2) 
And since the quantity is a function of the state-variables of 
the working system, as has just been shown, it appears that the 
potential V is an integrating divisor of the differential addition 
@’E = X,dx,+ X,dx,+.-- 
of work-equivalents. Our general relation (2) is, thus, 
X dx, X dx, 


—_ —— AmM(xX,, X,, +++), 


where V is a differentiable function of one or more of the state- 
variables ae ee The function 
M(X,, X,, +++) 
may very suitably be termed the quantity-coordinate of the work- 
equivalents that are added. 
Clearing equation (2) of fractions, we have 


aE Vdm ; (3) 
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that is to say, we have expressed the work-equivalents differentia! 
in terms of the two differentiable functions V and m of the state- 
variables of the working system whose changes of state are unde: 
consideration. This result transforms equation (1) 


dE = Sa’W + Sa'E 
into 
dE =Pdp + EVdm, (4) 


or, more fully written out, 


dE - Pidp' + P'"dp" + 06 


+ V'idm' + V"dm" + ..., 


where the accents relate to the different forms in which work is 
added, and in which work-equivalents are added, during the re- 
versible changes of state that the system undergoes. 

This equation (4) represents the net result of the energy 
theory so far: namely, that all reversible changes of the energy 
of any system of bodies are the sums of work-terms and of work- 
equivalent terms; and that the work-terms are the products of 
forces into changes of space, while the work-equivalent terms are 
products of potentials into changes of quantity-coordinates. It 
is particularly important to bear in mind that one should dis- 
tinguish not only between the work-terms and the work-equiva- 
lent terms, but also between the forces P and the potentials V. 
The forces are not potentials, and the potentials are not forces. 
The former are true forces, proportional to mass and acceleration ; 
while the latter are the amounts of work requisite to transport 
the corresponding unit quantity-coordinate from one physical 
level to another. In the term — Adv for reversible compression 
work, for example, the force f is wot the amount of work 
requisite to transport unit volume of the compressed body from 
one pressure to another. There has been much confusion con- 
cerning this matter, in the physicochemical literature of recent 


years. 


[ Zo be continued. 














MINIMUM BOILING-POINTS AND VAPOR COMPOSI- 
ION 


J 
wn 


BY J. H. PETTIT 
I. Minimum Boiling-points 


In the general discussion of systems made up of two volatile 
components, Bancroft’ makes the following statement: “If two 
consolute liquids have the same vapor-pressure at a given tem- 
perature, some mixture of the two must have either a maximum 
or a minimum vapor-pressure at that temperature unless all con- 
centrations have the same value. If at other temperatures the 
isotherm] curve has neither a maximum nor minimum, it is 
possible to pass by change of temperature from a system 
behaving in one way to a system behaving in another. 
This would preve.it any deductions from the form of the pres- 
sure curve at one temperature to that at another. Zhe a/terna- 
tive ts that all consolute liquids with intersecting vapor-pressure 
curves form solutions with a maximum or minimum value at 
some concentration.” 

At the time this theorem was announced (1897), it could 
not be tested owing to the lack of experimental results. Since 
then, however, work has been done in this laboratory by Thayer’ 
whose results showed that the theory held in three out of the four 
cases examined. The object of the present investigation was to 
test the theory still further by making use of different solutions. 

The substances chosen for the work were solutions of ace- 
tone, chloroform and ether in methyl] alcohol, as it was thought 
that the vapor-pressure curves of the first three each cut the methyl 
alcohol pressure curve. It is a matter of regret that the materials 


' Phase Rule, 119. 
* Jour. Phys. Chem. 2, 382 (1898) ; 3, 36 (1899). 
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chosen were the same as those used by Haywood,' but the work 
was completed before it was known that he was working in this 
field. 

The methyl alcohol used was a_ so-called acetone-free 
material, obtained from Bender and Hobein. As considerable 
acetone was found in it, it was treated with caustic potash and 
iodine, the iodoform filtered off, and the filtrate allowed to stand 
over calcium oxide. It was afterward carefully fractioned, the 
first and last fractions discarded, while the part distilling over 
between 64.0° and 64.2° at a pressure of 739 mm was retained. 
This gave a boiling-point of 65.52° corrected to 760 mm. The 
data in the literature concerning the boiling-point of methyl 
alcohol seems to be somewhat confused —for instance, Laden- 
burg? gives two boiling-points — one 64.8°3 at 763 mm. pressure, 
the other 65.4°* at 756.6 mm. Schmidt’ in his work on the 
vapor-tension of homologous compounds made use of ‘methyl 
alcohols of two different boiling-points — 66.6° and 64.9° at the 
same pressure of 777.5mm. A comparison of the results obtained 
by Schmidt, Regnault,® Richardson,’ Landolt,® Dittmar and Faw- 
sitt? on the vapor-pressure of methyl alcohol shows that their 
results do not agree. The uncertainty as to its real boiling- 
point is therefore very apparent, and shows the difficulty in ob- 
taining pure methyl alcohol. The large amounts needed in this 
work precluded the use of the oxalate method of purification. 
Tests made on the alcohol used failed to detect the presence of 
acetone or methyl acetate so that it is believed that the material 
was quite pure —sufficiently so at least to ensure the validity of 
all conclusions which will be drawn from the results given. 


' Jour. Phys. Chem. 3, 317 (1899). 

*? Handworterbuch, 7, 219. 

‘Schiff. Liebig’s Annalen, 220, 100 (1883). 

* Konowalow. Wied. Ann. 14, 40 (1881). 

’ Zeit. Phys. Chem. 8, 630 (18gr). 

®* Mém. de 1’ Académie, 26, (1862). 

’ Inaug. Diss., Freiburg, 1886. 

* Liebig’s Annalen, Suppl. 6, 129 (1868). 

* Trans. Roy. Soc. Edinb. 23, II. 509 ( 1886-87). 
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The main impurity of the acetone used was found to be 
water. This was removed by distillation with a Hempel col- 
umn, the part coming over between 55.5° and 56.1° at a pres- 
sure of 747 mm, being retained. The boiling-point of this frac- 
tion when corrected, corresponds to the generally accepted one 
of 56.52° at 760 mm. 

The method used for the purification of the chloroform was 
that given by Linebarger... The material was washed twelve 
times with water, and then shaken with a concentrated solution 
of calciumchlorid. After this treatment, the chloroform was frac- 
tioned through a Hempel column. The part kept was that distill- 
ing over between 60.0° and 60.3° at a pressure of 741mm. The 
corrected boiling-point of this fraction was found to be 61.97°, 
which is much higher than the one ordinarily given, 61.2°, 
although it agrees with the boiling-point as determined by 
Thayer.? The impurity causing this high boiling-point we have 
not discovered. 

Since ether which has dissolved in it slight amounts of 
water has a boiling-point differing very little from that of pure 
ether, care was taken to remove the water by repeated distilla- 
tion over calcium chlorid. The boiling-point of the ether thus 
obtained was 34.97° at 760 mm. 

The apparatus used in the determination of the boiling- 
points was that of Orndorff and Cameron.’ The Beckmann ap- 
paratus in its ordinary form is not suited to the determination of 
boiling-points where both components are volatile, although in 
the present instance it could have been modified for the work by 
lessening the vapor space above the solution. 

The thermometers used were divided into tenths of degrees 
so that readings could be made to + 0.01°. The thermometers 
were carefully compared with a Reichsanstalt, and all the readings 
given are corrected for the error due to the part exposed in the 
air. The readings given should therefore be correct to the 


‘ Jour. Am. Chem. Soc. 17, 648 (1895). 
* Jour. Phys. Chem. 3, 37 (1899). 
*Am. Chem. Jour. 17, 517 (1895). 
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first decimal place. The pressures given are corrected but not 
reduced. 

In the first table are given the results obtained in determin- 
ing the boiling-point curve for all possible mixtures of methyl] 
alcohol and chloroform. In the first column is given the per- 
centage of alcohol in the mixture expressed in grams, in the 
second column the percentage of acetone, in the third column 
the barometric pressures under which the boiling-points recorded 
in the fourth column were made. As these pressures differ so 
little from their mean value of 746.2 mm, the correction due to 
the reduction to the mean pressure will be very small. The 
boiling-points thus corrected (on the basis of a change in the 
boiling-point of 0.04° per mm of pressure) are given in the fifth 
column. 


TABLE I 
Alco- Chlo- B Pt Alco- Chlo- B Pt 
hol roform Bar’ B Pt corr hol roform Bar BPt _ corr 
100.0) 0.0 747.0 64.85° 64.82° 40.2 59.8 745.7 56.10° 56.12° 
89.6|/10.4 746.7 63.56 63.54 31.0 69.0 745.5 55.00 55.03 
80.8 19.2 746.7 61.90 61.88 22.5 77:5 745-5 54.30 54.33 
73.6 26.4 746.7 61.30 61.28 15.4 84.6 745.5 53.80 53.83 
67.4 32.6 746.7 60.25 60.23 11.9 88.1 745.5 53.60 53.63 
58.1 41.9 746.7 58.80 58.78 8.2 91.8 745.5 53.60 53.63 
49-4' 50.6 746.7 57.30 57-28 0.42 99.58 745.5 54.40 54.43 
48.0 52.0 746.7 57.30 57.28 0.0 100.0 746.0 61.45 61.46 


The results presented in this 
table are represented graphic- 
ally by the curves ABC, Fig. 1. 
The great pitch of the curve 
when a very small amount of 
alcohol is added to the chloro- 
form shows that a very slight 


























amount of this substance as im- 
purity in chloroform would show 
itself very readily. The mini- 
mum boiling-point occurs at 
about 53.5° at a pressure of 
746.2°, where the composition 
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is approximately go percent chloroform and ro percent methvl 
alcohol. ' 

The table for methyl alcohol and ether (Table II) is ar- 
ranged in a manner similar to the first. In this case also the 
pressures vary but little from the mean value of 738.7, but 
nevertheless the correction has been applied here also. 


TABLE JI 
Alco- B Pt Alco- B Pt 
hol Ether Bar B Pt corr hol Ether Bar B Pt corr 


6 | 42.50° | 42.50° 


100.0% 0.0|737.8 64.90°|64.94° 51.1 48.9 738. 

92.2 7.8|738.1 60.60 |60.62 42.3 57-7. 738.8 39 90 39.90 
85.0 15.0| 738.3 56.30 |56.31 22.9 77.1 738.8 36.65 36.65 
65.3 34-7|739-3 47-20 [47.18 15.4 83.6 738.8 35.65 35.65 
59 4 40.6 738.8 44.00 44.00 8.8 91.2 738.8 34.70 34.70 
52.5 47.5' 738.8 42.92 | 42.92 0.0 100.0 739.1 34.20 34.21 


The curve DEF in Fig. 1 expresses the results given in the 
preceding table. It possesses neither maximum nor minimum. 

The results obtained for acetone and methyl alcohol are pre- 
sented in Table III which is arranged in the usual manner. In 
this case also, it is possible to correct to the mean barometric 
pressure, but as the table is to be used later in the determination 
of vapor compositions, it has been reduced to the standard pres- 
sure of 760 mm. The corrections have been taken from Landolt 
and Bornstein’s Tabellen (p. 191) which gives the value of 0.037° 
as corresponding to i mm increase of pressure for alcohol be- 
tween the pressures of 730 and 760mm, while for acetone the same 
value is 0.039°. For all mixtures mean values have been 
assuined depending on the proportions of each present. Values 
obtained in this way may not be rigidly accurate, but in the 
absence of more reliable data may be assumed as very nearly correct. 


TABLE III 


Alco- Ace- B Pt Alco- Ace- B Pt 
hol tone’ Bar B Pt corr hol tone Bar B Pt corr 
100.0 0.0 720.6|64.30|65.52 45-0 | 55-0 729.7/|56.50 57.65 
89.1 10.9 726.4 | 62.20) 63.44 31.0 69.0 729.4 55.50 56.68 
80.5 19.5 726.9 60.75 61.98 23.1 | 76.9 728.9 55.10 56.29 
58.6 41.4 727.7 57-75) 58.96 18.6 81.4 728.9 54.90) 56.09 
53-7 46.3 727.7| 57.30) 58.52 13.2 86.8 728.9 54.80! 55.99 
51.9 48.1 729.7 57.20 58.34 6.6 93-4 728.9 54.90 56.09 
49.0 51.0 727.7 56.80) 58.02 0.0 |100.0 728.4/55.40 56.62 
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The curve GHK which gives the representation of these 
results is shown in Fig. 2. A 
minimum boiling-point occurs 
at a temperature of 55.93° at a 
pressure of 760 mm, the com- 
position of the solution being 
approximately 1 3.5 percent alco- 
hol and 86.5 percent acetone. 

In testing the conformity to 
the theory of the results which 
have so far been given in con- 
nection with boiling-point de- 
terminations, it will be well to 
refer to a paper which gives a 
very fair summary of vapor- 

Fig. 2 —_ pressure determinations up to 
the year 1894. Inthis paperthe author’ has gathered the most sat- 
isfactory measurements of vapor pressures of different compounds 
with the idea of finding what vapor-pressure curves intersect. 

The difficulty of access to this paper, the fact that it has been 

overlooked by at least one scientist, and its use for further refer- 

ence, make excuse for its insertion completely unnecessary. The 
paper proceeds as follows: 

“T shall limit myself to merely recalling the measurements 
of Sajotschewsky* whose curves do not intersect and proceed at 
once to those of Ramsay, Young and Thomas? which are more 
interesting from a double standpoint — the boiling-points of the 
liquids examined are much closer to each other, and the accuracy 
of the measurements is of a very high order. 

“In the following table will be found non-associated liquids 
arranged in the order of rising boiling-points, if we regard these 


'Guye. Arch. de Genéve, (3) 31, 164 (1894). 

2 Sajotschewsky. Beiblatter, 3, 741 (1879). 

3 These measurements have been published in articles written by Ramsay 
and Young, Young, and Young and Thomas. Recapitulation of the results ob- 
tained may be found in the two articles: S. Young. Phil. Mag. [5] °34, 512 
(1892), and S. Young and Thomas. Jour. Chem. Soc. 63, 1259 (1893). 
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boiling-points as taken under a pressure of 760 mm of mercury. 
As a matter of fact the determination of the molecular weight 
in the state of liquid has not been made for all the compounds, 
but according to all analogy it is almost certain that all the 
bodies mentioned in this table are not polymerized in the liquid 
state, at least not to an appreciable extent. 


P=200 P=760 P=4000 P= 25000 
mm mm mm 

_ Methyl formate +0.5 | 31.8 
Ethyl ether | 1.6 34.5 
Carbon bisulfid | 10.1 46.2 

| Ethyl formate | 20.8 | 54.3 
| Methyl acetate 23.5 57-3 
| Carbon tetrachlorid 38.7 76.8 
| Ethyl acetate | 41.6 | 77.1 
| Methyl propionate 43-9 | 79-7 
| Benzene | 42.4 80.3 
| 
| 
| 





SIAN PWN & 


Propyl formate | 45.0 80.9 
Fluor benzene 47.3 85.1 
Methyl isobutyrate 55.0 92.3 
Ethyl propionate | 61.6 99.0 
Propy] acetate | 63.6 101.6 
Methyl butyrate 64.3 102.7 
Tin tetrachlorid | 73-0 | 114.2 | 186. 
Chlorbenzene 80.0 131.9 206. 
Brombenzene | 110.1 156.0 235. 
| TIodbenzene | 139.2 | 188.6 | 272. 


DO Dw UE AD Wr: 





100 O <1 = Ge --Me) OW iH 
+ Ge a Ge 


“By following these columns from top to bottom, it may be 
readily seen that the temperatures of ebullition under the pres- 
sures of 200, 4000 and 25000 mm of mercury, increase gradually 
in exactly the same manner as those given for the pressure of 
760 mm, which determined the foregoing arrangement; the 
only exceptions are the fatty ethers whose boiling-points lie 
close to those of benzene and carbon tetrachlorid, for which the 
vapor-tension curves cut at a few tenths of a degree below the 
pressure of 760 mm. These exceptions are possibly attributable 
to the fact that some ethers begin to decompose when they are 
heated to high temperatures: this fact has been announced by 





' Battelli. Atti. Accad. Sci. Torino, (2) 42. 
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Nadesjdine' and has been confirmed by Young and Thomas.’ 
The general statement may therefore be made that non-associated 
liquids give vapor-tension curves which do not intersect. 

“Tn addition to the preceding results, there are now to be given 
the boiling-points of bodies made up of polymerized molecules, 
under the extreme range of 200 and 25000 mm. 


p — 200 p = 25000 
Water | 66.5 239.9 
Methyl alcohol 34.5 191.0 
Ethyl] alcohol 48.1 206.2 
Propy] alcohol 67 237 
Acetic acid 79.7 282.5 


From these data, it follows that at the pressure of 200 mm the 
vapor-tension curve of water passes between those of methyl 
butyrate (64.3°) and tin tetrachlorid (73.0°); at the pressure 
of 25000 mm it passes between those of ethyl acetate 
(240.4°) and methyl acetate (210.7°); this curve should there- 
fore cut the curves of all the intermediate bodies bearing the 
numbers 6 to 15. According to its boiling-point under the 
pressure of 200 mm, methyl alcohol should be placed between 
methyl acetate and carbon tetrachlorid; while under the pressure 
of 25000 mm the boiling-point of methyl alcohol lies between 
those of ethyl ether and carbon bisulfid; the vapor-tension curve 
of this alcohol cuts therefore those of the four intermediate 
bodies, methyl acetate, ethyl formate, carbon bisulfid and ethly 
ether. 

“By analogous reasoning it might be really proved that the 
curve for ethyl alcohol cuts the curves of liquid Nos. 4, 5, 6, 7, 
8, 9, 10, and 11; propyl alcohol the curves, Nos. 6, 7, 8, 9, 10, 
II, 12, 13, 14, and 15; acetic acid only one curve, No. 16.” 

Up to the present there have been observed minimum boil- 
ing-points with the following pairs of completely miscible sub- 
stances: methyl alcohol with carbon tetrachlorid,3 acetone,* 5 


' Nadesjdine. Repertorium der Physik, Vol. 23. 

2 Young and Thomas. loc. cit. 

* Thorpe. Jour, Chem. Soc. 35, 547 (1879). 

* Haywood. Jour. Phys. Chem. 3, 317 (1899). 
This paper. 
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chloroform,' *? methyl acetate’ and methyl cyanide ;’ ethyl alco- 
hol with carbon bisulfid,* chloroform,’ benzene ;5 water and methy1 
cyanide’; allyl alcohol and water;’ trimethyl carbinol and 
water;? acetone with carbon tetrachlorid;' ethyl acetate and 
carbon bisulfid;* water with butyric acid® or propyl alcohol.® Of 
these, the data collected by Guye show that the curve for 
methyl alcohol cuts the corresponding pressure curve for methy1 
acetate; that the curve for ethyl alcohol cuts the vapor-pressure 
curve for benzene, while water and propyl alcohol also have 
pressure curves which intersect. 

Since only three of the sixteen cases enumerated are sub- 
stantiated by the data here presented, it is necessary to submit 
the theory to a more careful test. There has accordingly been 
gathered from the most available source — mainly Landolt and 
Bornstein’s Tabellen—the data from which conclusions may be 
drawn as to the intersection or non-intersection of each pair of 
curves. In the following table there are given in the first two 
columns the substances which are being examined ; in the third 
column the approximate temperature, in the fourth the approxi- 
mate pressure, at the point of intersection of the vapor-pressure 
curves; in the fifth coluinn the name of the observer who’ ex- 
amined the pressures of the liquid denoted in the first column, 
while the sixth holds the name of the observer who examined 
the substance named in the second column. 





TABLE V 
I II III IV V VI 

Temp of Pressure Observer Observer 

inter- ofinter- of first of second 

Pairs of substances section section substance substance 

Methyl alcohol Carbon tetrachlorid, 14.5° 7omm Young Young 
Methyl alcohol Acetone 130 ©=—. 5600 Regnault Regnault 
Methyl alcohol Chloroform IOI.5 2550 Regnault Regnault 

' Methyl alcohol Methyl acetate |113.8 4000 Young Young 
Ethyl alcohol Chloroform 1148.5 7100 Regnault Regnault 
Ethyl alcohol Benzol | 71 570 Regnault Regnault 
Water Propyl alcohol | 41 58 Regnault Schmidt 


‘Haywood. Jour. Phys. Chem. 3, 317 (1899). 

? This paper. 

* Holly. Unpublished results. 

* Brown. Jour. Chem. Soc. 39, 529 (1881). 

* Thayer. Jour. Phys. Chem. 3, 39 (1899). 

® Konowalow. Wied. Ann. 14, 50, 219 (1881). 

7 Konowalow. Ber. chem. Ges. Berlin, 17, 1536 (1884). 
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In the case of water and butyric acid, the data for the latter 
substance are lacking so that the theory cannot be tested for this 
case. With some of the remaining cases, it is necessary owing 
to insufficient data to resort to an examination of the critical 
temperatures and pressures to form an opinion as to the intersec- 
tion of the curves. Thus in the case of ethyl alcohol and carbon 
bisulfid there may be found the following results. Boiling-point 
of ethyl alcohol at 760 mm is 78.4°, of carbon bisulfid 46.04°. 
At 25000 min pressure ethyl alcohol boils at 206.2°, while carbon 
bisulfid boils at 202.5°. The critical temperature of ethyl] alco- 
hol is 234°, critical pressure 65 atmospheres, while Hannay and 
Hogarth determined the corresponding temperature for carbon 
bisulfid as 277° and the pressure at 78 atmospheres. Unless 
these curves change their directions in a discontinuous manner 
they must intersect not far below the critical temperature for 
ethyl alcohol. 

Acetone and carbon tetrachlorid have boiling-points of 56.5° 
and 76° respectively, while the data for acetone (as determined 
by Sajotschewsky) give the critical temperature of acetone as 
232.8°, and its critical pressure at 52.2 atmospheres. Young 
determined the critical temperature of carbon tetrachlorid as 
283.15°, and its critical pressure as 44.9 atmospheres. The 
pressure curves do therefore undoubtedly intersect. 

At ordinary pressures carbon bisulfid boils much lower than 
ethyl acetate, but its critical temperature is 277° at a pressure 
of 78 atmospheres (Hannay and Hogarth), while the correspond- 
ing data for ethyl acetate as determined by Sajotschewsky are 
239.8° and 42.3 atmospheres. There can be little doubt there- 
fore that these substances have intersecting pressure curves. 

For the examination of the curves of methyl alcohol and 
methyl cyanid, ethyl alcohol and methyl cyanid, allyl alcohol 
and water, trimethyl carbinol and water, we have been unable 
to find data sufficient to allow of any conclusions being drawn. 
With respect to the case of ethyl alcohol and water, it must be 
remarked that the pressure curves do not intersect and it is 
extremely doubtful whether there is a minimum boiling-point in 
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the curve. This is one of the cases that requires very careful 
examination. 

Of the cases examined recently where neither maximum 
nor minimum was found we may note that none of the following 
substances give intersecting pressure curves; methyl alcohol and 
water, acetone and water, or acetone and ether. With chloroform 
and carbon tetrachlorid, it is impossible from the conflicting data 
to judge accurately, but it is extremely probable that the pres- 
sure curves do not intersect. The curves for methyl alcohol and 
ether which Guye believed to possess a point of intersection do 
not cross. 

This résumé covers all the cases where a minimum boiling- 
point which has been observed has come to our knowledge. The 
fact that all the cases which allow of close examination have 
shown that minimum boiling-points have been found when the 
pressure curves intersected, offers very strong confirmatory evi- 
dence of the reliability of the Bancroft theory as a useful work- 
ing hypothesis, which will as the subsequent section will attempt 
to prove, be a very great help to every organic laboratory. 

Other pairs of substances showing the same pressure at the 
same temperature have been noted by Kahlbaum' who however 
does not seem to have been aware of Guye’s work. He states: 
“Up to the present such an intersection of two boiling curves was 
known only in the case of benzol and ethyl alcohol, and it is this 
fact which induced us to include alcohol in the field of our re- 
search; now our observations show that this phenomenon occurs 
very frequently also with closely related substances—of nine 
substances examined, five intersected.” These pairs are benzo- 
nitrile with phenol or aniline, phenol with aniline, and benzyl 
alcohol and nitrobenzol. The inaccuracy of Kahlbaum’s state- 
ments even if he refers only to substances at ordinary pressures 
may be seen very readily. 


II. Vapor Composition 


Determinations of the composition of the vapor phase which 


'Kahlbaum. Zeit. phys. Chem. 26, 605 (1898). 
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is in equilibrium with a definite solution are very few in num- 
ber. So far as the writer is aware there has not been determined 
completely for one case the composition of the vapor phase in 
equilibrium with the different concentrations of a pair of sub- 
stances which possess a minimum or maximum boiling-point.' 
Accordingly methyl alcohol and acetone have been chosen as the 
pair of substances for the investigation. 

At first, recourse was had to the method of vapor analysis 
proposed by Carveth,? but owing to the slight difference in the 
boiling-points, it was impossible to convey heat to the liquid in 
the inner tube as rapidly as was required. Owing to the ease 
with which accurate determinations had previously been made 
by this apparatus, the result was quite unexpected, and while the 
Carveth apparatus was being subjected to further trials, the 
vapor curve was determined in the manner now to be described. 

Into a liter balloon flask was fitted a cork containing one 
hole for the thermometer, and one for the tube leading to the 
condenser. The receiver held about 35 cc and had in it on the 
upper side a very small opening to equalize the pressure. The 
neck of the tube leading to the condenser was heated by an 
electric coil, and the thermometer was protected from radiation 
effects by asbestos wrappings. During the distillation, conden- 
sation on the walls of the flask or in the neck were carefully 
avoided. The distillate passing over between two definite tem- 
peratures (represented in Column I of Table II) was collected, and 
its boiling-point noted (Column IV). The barometric pressure 
having been observed (Column III), the mean boiling-point and 
the boiling-point of the distillate were corrected to the pressure 
of 760 mm in the manner described when giving the boiling- 
point curve for methyl alcohol and acetone. These corrected 
results are given in Columns II and V. 


‘Thorpe. Jour. Chem. Soc. 35, 347 (1°79), gives results with carbon 
tetrachlorid and methyl alcohol which can readily be calculated by representa- 
tion, but he deals with only one side of the curve. The boiling-point curve, 
moreover, is not determined by direct experiment. 

2 Jour. Phys. Chem. 3, 193, (1899). 
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TABLE IV 
Corr Corr 
mean Corr mean Corr 
B Pt of BPt BPt B Pt BPt BPt 
Distillate solution Bar vapor vapor Distillate solution Bar vapor vapor 
§5-70-55.88 56.67 73455-5256.40  §7.80-58.0058.77 737 56.20/57. 07 
55-50-5570 56.48 73455-4256.30  5§8.20-58.4059.17 737 56.6057.47 
55.30-55.5056.28734 55. 2656.14 §8.70-59.1059.77 737 56- 84/57. 7! 
55.30-55.3056.2273455.2256.10 59. 56- -60.3060.77 737 57 7-60)58.47 
55-20-55.30 56.17 734 55.2056.08 60.30-61.3061.67 737 58.42'59.29 
55.00-55.20 56.0273455.0655.98 61.40-61.8062.47 737 59. 3060.17 
55.00-55.2056.16735 54.98 55.93 61.80-62.24 62.89 737 59. 7660.63 
55.20-55.28 56.3073555.0055.95 62.24-62.68 63.33 73760. 4461.31 
55.28-55.4056.4073555.0455.95 62.68-63.1263.77 737 60.9661.83 
55-50-55.7056.54735 55-14 56.08 63.40-63.7864.46737 62. 0662. 93 
56.00-56.14 56.94 737 55.28 56.15 63.78-64.0064.76 737 62. 5663. 43 
56.14-56.2057.04737 55.40 56.27 64.00-64.2064. 97 737 62.9063.77 
36.50-56.68 57.46737 55.58 56.45 64.20-64.5065.2273763.6264.49 
57-50-57.80 58.52 737 56.04 56.91 


These results are presented in the vapor composition curve 
(LHM) in Fig. 2. If one starts with a dilute solution (say five 
percent) of alcohol in acetone, it will be observed that the vapor 
phase in equilibrium with the solution contains a greater per- 
centage of alcohol. Distillation will keep removing the alcohol 
along with much acetone of course, but the final substance left 
in the still will be pure acetone. Or, if one has as initial solu- 
tion much alcohol and little acetone, the process of distillation 
will remove the acetone in greater percentage than it exists in 
the solution, and the final product in the still will be pure 
methyl alcohol. In either of these cases it is evident that the 
hoiling-point of the solution in the still will rise as the distilla- 
tion progresses. 

At the point (H) however, vapor and solution have the 
saine composition and therefore must, when distilled, show a 
constant boiling-point. A similar state of affairs would exist if 
a maximum boiling-point were present. The constancy of a 
boiling-point does not therefore prove conclusive evidence as to 
the purity of any substance unless proof has been adduced that 
any substance which has been present during the operation and 
which could give a maximum or minimum boiling-point has 
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been completely removed. This is important because it cannot 
be told whether a maximum or minimum will occur with fifty 
or with one-fifth percent of the second component. It is in cases 
like this that the Bancroft theory can give considerable assist- 
ance to the organic chemist. 

If then one has for examination any two substances which 
give an abnormal boiling-point curve, it is apparent that no 
fractional distillation can separate the two substances completely. 
Ignorance of this fact has been the cause of frequent mistakes, 
though for illustration reference will be made merely to Otto’ 
and to Monnet? who with their own superior distillation methods 
think they have separated acetone and methyl alcohol, getting 
pure acetone to pass over first. Reference to Fig. 2 shows the 
impossibility of such statements being accurate. The impossi- 
bility of completely separating methyl alcohol from chloroform, 
acetone and methyl acetate shows that the theories of distil- 
lation should be well understood by technical as well as purely 
scientific workers. 

The constantly recurring mistake of believing that the 
proximity of boiling-points has anything to do with fractional 
distillation must be guarded against. It is true that many of the 
substances which have so far shown maximum or minimum 
boiling-points do have boiling-points lying not very far apart . 
but the ease of separation by distillation depends on the differ- 
ences between the composition of the solution and the vapor. 

In this paper there has been given : — 

(1) Thedetermination of three boiling- point curves, of which 
two showed a minimum. 

(2) A complete test of the Bancroft theory making use of 
all the data known to us up to the present. The theory has 
been found supported by facts in every case which could be ex- 
amined. 

(3) The determination of the vapor composition curve for 
acetone and methyl alcohol. 





' Bull. Soc. Chim. Paris, (3) 11, 197 (1893). 
? Ibid. (3) 13, 113 (1895). 
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(4) Conclusions as to the effectiveness of fractional distilla- 
tion, and the usefulness of applying its theory to laboratory prac- 
tice. 


The work given in this paper has been performed under the 
direction of Dr. H. R. Carveth, Honorary Fellow in Chemistry. 


Cornell University 








DISSOCIATION PRESSURE BEFORE H. SAINTE- 
CLAIRE DEVILLE 


BY P. DUHEM 


I owe to the kindness of M. G. Brunel, Dean of the Facu/té 
des Sciences of Bordeaux, my acquaintance with a little pamphlet' 
published in 1837 under the title: De 7influence de la pression 
sur les actions chimiques; this pamphlet is the thesis of Georges 
Aimé. 

Born at Metz on the 27th of January, 1810, Georges Aimé 
entered the Ecole Normale in 1831, in the same class as Abria 
and Edouard Desains. The possessor of a precocious and fertile 
intelligence and gifted with an inquiring spirit which was 
attracted by a wide range of subjects, at the age of twenty-three 
he began a series of publications on organic and inorganic chem- 
istry, geology, physics, and physiology. Between 1833 and 1837 
he publisheda Note sur le fluor, a Note sur un procéde nouveau 
ad aimentation; a Note sur la visions a note Sur les produits 
crystallises que présente la nature a note entitled De da masse 
du fluide électrique,’ researches Sur (action de (alcool nitiique 
sur 1 tode et sur le brime, et de l hydrate de methylene nitrique 
sur le méme corps,’ and researches Sur [ether chlorocyanique et 
le chlorocyanate de méthyléne.® 


' Thése de Chimie, présentée et soutenue a la Faculté des Sciences de 
Paris le 9 novembre 1837 par M. (Georges) Aimé de Metz, (dép. de la Moselle), 
docteur és Sciences. De 1’ influence de la pression sur les actions chimiques, in 
4°, 16 pp. Paris. E J. Bailly, imprimeur. 1837. 

? Ann. Chim. Phys. (2) 55, 443 (1833). 

* Ibid. 57, 442 (1834). 

* Ibid. 56, 108 (1834). 

> Bull. Soc. philomathique, 6, 305 (1834-35). 

® Ann Chim. Phys. (2) 62, 419 (1836). 

7 Ibid. (2) 64, 217 (1837). 

“Ibid. (2) 64, 220 (1837). 
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The 9th of November, 1837, Georges Aimé took, before the 
Faculté des Sciences of Paris, his examination for the degree of 
docteur &s sciences physiques. His first thesis was the work we 
have already mentioned, and to which we shall revert; his second 
thesis, reduced to what was then called a Arogramme and which 
to-day is called guestions posées par la Faculté, was entitled : 
Actions exercées dans tous les corps par Tinfluence des courants 
électriques et des aimants. 

Soon after taking his degree, Georges Aimé was appointed 
professor of physics at the College of Algiers ; from which time he 
devoted himself almost exclusively to researches on meteorology 
and on the physics of the earth. In 1839 he submitted to the 
Academy of Sciences the principal results of a Mémoire sur le 
mouvement des vagues.' In the meantime, the Minister of War 
had sent a scientific commission to Algeria, and the Royal 
Society of London had asked the Academy of Sciences of Paris 
that the commission should make a special study of the elements 
of terrestrial magnetism in that colony. At the meeting of 
November 25th, 1839, Arago declared’ that the surest way to 
gratify the wish of the Royal Society of London was to add Aimé 
to the African scientific commission. ‘The request of the 
Academy has been twice transmitted to the Minister of War; no 
answer having yet been received, M. Arago suggests that he be 
again petitioned.” 

On the 2nd of December, 1839, “the Minister of War an- 
nounces* that, in accordance with the wish expressed by the 
Academy that M. Aimé, Professor of Physics at the College of 
Algiers, be added to the Algerian scientific commission, he has 
included that physicist in a list of adjunct members, appointed 
to give aid in various ways, and whose services may deserve re- 
ward or remuneration to be granted by individual decisions.” 

On the 6th of January, 1840, “the commission entrusted 





‘ Comptes rendus, 9, 409 (1839). 
2 Ibid. 9, 703 (1839). 

* Comptes rendus, 9, 735 (1539). 
* Ibid. 10, 11 (1840). 
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with the care of providing the necessary instruments for the 
magnetic observations to be carried on in Algeria in accordance 
with the wish expressed by the Royal Society of London, pro- 
poses to ask of the Minister of War a leave of absence of several 
weeks for M. Aimé in order that, during his stay in Paris, he 
may compare the new instruments to be entrusted to his care 
with those of the Observatory.”” This appointment but added a 
new stimulus to the scientific zeal of Georges Aimé ; for he pub- 
lished numerous memoirs on meteorology and on the physics of 
the earth, with an occasional note on pure physics or chemistry. 

In 1840, he published a A/émotre sur les variations du niveau 
de la mer dans le port d’ Alger;* in 1841 a Note sur les gaz 
dégagés par les plantes marines? and a paper in German entitled : 
Mittlere Temperatur in Algier;3 in 1842, Recherches expért- 
mentales sur le mouvement des vagues. At the meeting of 
January gth, 1843, “ M. Arago submits to the Academy’ numer- 
ous observations on meteorology and on the physics of the earth 
that M. Aimé has made during his stay in Algeria.” In the 
same year 1843, Georges Aimé published a Mémoire sur un 
moyen nouveau de sonder a la mer,® a Mémotre sur la compres- 
ston des liquides,? and he began the publication of a Mémorre 
* in 1844 appeared a paper on the 
lariations du niveau de la Méditerranée ;? in 1845, a Mémoire 
sur les courants de la Méditerranée,” anda Mémoire sur les tem- 
pératures de la Méditerranée 3" and, in 1846, an /nstruction sur 
l emplot de [ anémometre par réflexion.” But on the gth of 


sur le Magnétisme terrestre; 


' Ann. Chim. Phys. (2) 73, 416 (1840). 
* Ibid. (3) 2, 535 (1841). 
’ Pogg. Ann. 54, 448 (1841). 
* Ann. Chim. Phys. (3) 5, 417 (1842). 
’ Comptes rendus, 16, 93 (1843). 
* Ann. Chim. Phys. (3) 7, 497 (1843). 
7 Comptes rendus, 16, 1165; Ann. Chim. Phys. (3) 8, 257 (1843). 
“Comptes rendus, 17, 1031 (1843); Ann. Chim. Phys. (3) 10, 105 (1844); 
17, 199 (1846). 
* Comptes rendus, 18, 219; Ann. Chim. Phys. (3) 12, 271 (1844). 
Ann. Chim. Phys. (3) 13, 460 (1845). 
' Tbid. (3) 15, 5 (1845) 
> Tbid. (3) 17, 498 (1846). 
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September, 1846, death stopped Georges Aimé in the midst of 
his scientific activity; he was not thirty-seven years old. 


Among the writings of Georges Aimé there is one which 
would have secured his fame if the ideas which it contains had 
been understood when they were published ; we refer to his re- 
searches on the influence of pressure upon chemical reactions. 
The thesis of Georges Aimé indeed shows plainly that he 
had arrived at the notion of dissociation pressure thirty years 
before Debray, by his experiments, established its existence. 

Properly to appreciate the meaning and the bearing of the 
new views of Georges Aimé, it is necessary to define the part 
assigned by chemists to pressure, and, for that purpose, to go 
back to the physico-chemical theories which were current at the 
end of the last and at the beginning of the present century, 
to the theories which formed the basis of the work of Lavoisier 
and Laplace. 

According to these physicists, every body contains ponder- 
able matter and caloric; the molecules of ponderable matter 
exert upon one another actions of affinity, which are attractive 
and which would bring the molecules into contact if they were 
not prevented by the actions of the caloric ; these, on the con- 
trary, tend to separate the molecules indefinitely. 

The various states of equilibrium which natural bodies 
attain cannot be explained if the mutual affinity of the mole- 
cules and the actions of the caloric are alone taken into account. 
To these two kinds of forces, both of which are internal, it is 
necessary to add an external force: the pressure exerted by the 
atmosphere or by the surrounding bodies. 

Moreover, here, as in every problem of mechanics, while the 
magnitude of this pressure plays an important part in the 
determination of the resulting phenomena, the origin of the 
pressure is of no importance. Suppose we ask, for example, if 
a given liquid at a given temperature will change or not into 
vapor? To answer this question we must know the mag- 
nitude of the pressure borne by the liquid, but it is a matter of 
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indifference whether the pressure be exerted by the vapor itself, 
by the atmosphere, or by any other body. 

We find these ideas very definitely expressed in a passage of 
the Zrazté élémentaire de Chimie'pf Lavoisier : 

‘““We have seen that the same body takes the solid, liquid, 
or gaseous form according to the quantity of caloric which it 
contains, or more exactly, according as the repulsive force of the 
caloric is equal to, greater than, or less than the attraction of the 
molecules. 

“However, if there were only these two forces, a body could 
exist in the liquid form at but a single temperature, and it would 
change suddenly from the solid to the gaseous state. Thus, for 
example, water, at the moment when it ceases to exist as ice, 
would begin to boil; it would take the gaseous form and its 
molecules would separate indefinitely. That this is not the case 
is due toa third force, the pressure of the atmosphere, which 
opposes this separation; and accordingly water remains in the 
fluid state from zero to 80 degrees of the French thermometer. 
The quantity of caloric which it absorbs in that interval is in- 
sufficient to overcome the action due to the pressure of the 
atmosphere. 

“We thus see that without the pressure of the atmosphere 
we should not have any permanent liquid; we could observe 
bodies in the liquid state only at the moment when they melt, 
and the slightest addition of heat would then separate and dis- 
perse their parts.” 

These ideas, developed by Lavoisier with reference to the 
transformation of a liquid into vapor, were applied by Hutton’ 
to chemical decomposition. Carbonate of calcium is decomposed 
by the heat of a lime-kiln into calcium oxide and carbonic acid ; 
how then does it happen that we find marble and crystals of calc- 
spar in igneous rocks, whose temperature, at certain geological 
epochs, must greatly have exceeded the temperature of a lime- 


' Lavoisier. Traité élémentaire de Chimie, Premiére Partie, Chapitre I. 
* James Hutton. On the philosophy of light, heat and fire. Trans. Roy. 
Soc. Edinb. 4 (Hist.), 7 (1798). 
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kiln? According to Hutton, it is because calcium carbonate 
heated in a lime-kiln bears only the pressure of the atmosphere, 
which is not sufficient to delay very long the separation of the 
molecules of calcium oxide from the molecules of carbonic acid ; 
on the other hand, in the igneous rocks an enormous pressure 
must have hindered this decomposition, and have allowed the 
carbonate of calcium to melt, and subsequently, on cooling, to 
crystallize. 

This theory of Hutton’s suggested to James Hall' the famous 
experiment which he communicated in 1804 to the Royal 
Society of Edinburgh: under sufficient pressure, amorphous cal- 
cium carbonate melts without undergoing decomposition, and 
changes into crystalline marble. 

The ideas developed by Lavoisier concerning the resistance 
which pressure offers to the vaporization of liquids, extended by 
Hutton to chemical decomposition, found in Dalton* an opponent. 

In studying the vaporization of a liquid in a closed vessel 
containing a gas, Dalton shows that, at a given temperature, the 
saine amount of vaporis formed as when the gas isabsent, the only 
difference being that the vapor isformed more slowly. ‘ The pres- 
ence of the atmosphere”, concludes Dalton, “is an obstacle, not to 
the formation, but to the diffusion of the vapor, which diffusion 
would take place immediately, as in a vacuum, if the molecules 
of the air did not prevent it by their inertias. This obstacle is 


' James Hall. Experiments on whinstone and lava (1798). Nicholson’s 
Journal, 4, 8, 56 (1801); Trans. Roy. Soc. Edinb. 5, 43 (1805) ; Gilbert’s 
Annalen, 7, 285 (1801) ; Hoff’s Magazine, p. 185 (1801). Experiments on the 
effects of heat modified by compression. Nicholson’s Journal, 9, 98; Jour. de 
Phys. 60, 197; Bull. Soc. philomathique, 3, 249 (1804). Account of a series of 
experiments, showing the effects of compression in modifying the action of heat. 
Nicholson's Jourual, 13, 328, 381 (1806); Trans. Roy. Soc. Edinb. 6, 71 (1812); 
Jour. des Mines. 24, 23 (1808) ; Jour. de Phys. 64, 461 (1807). 

* Dalton. Experimental essays on the constitution of mixed gases ; on 
the force of steam and vapour from water and other liquids at different tem- 
peratures, both in a Torricellian vacuum and in air ; on evaporation ; and on the 
expansion of gases by heat. Mem. Phil. Soc. Manchester, 5, 525 (1802) ; Gil- 
bert’s Annalen, 12, 370, 385; 13, 435; 15,1, 121 (1803); Nicholson's Journal, 
3, 267 ; 5, 241 (1802). 
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the more easily thrust aside as the absolute force of the vapor 
increases; it is not due to the pressure or to the weight of the 
atmosphere, as has been believed hitherto, for, if such were the 
case, no vapor could form above the boiling temperature ; but it 
is an obstacle analogous to that which a stream of water encoun- 
ters in running through gravel”. 

Dalton protests vigorously against Lavoisier’s assertion that 
the pressure of the atmosphere alone keeps water, at ordinary 
temperatures, in the liquid state. “If”, he says, “the air in the 
almosphere were to disappear suddenly, leaving only the water 
vapor, the latter would increase in quantity but slightly, for the 
atmosphere already contains very nearly the maximum of vapor 
which the temperature can produce and maintain; the suppres- 
sion of the obstacle, however, would hasten the evaporation 
without sensibly increasing its amount. 

“The idea that pressure prevents the evaporation of liquids, 
an idea which is accepted as an axiom by modern physicists, is 
perhaps responsible for more mistakes and confusion in science 
than any other equally erroneous opinion.” 

Berthollet, an advocate of the ideas of Lavoisier and of 
Laplace, does not let pass without protest this sweeping criticism. 
*Dalton’s remark ”, he says," “does not appear to me to be cor- 
rect, and as a consequence of his opinion it seems to me that he 
is led to an incorrect estimate of the quantity of vapor which 
would be formed by the suppression of the atmosphere, and of 
the amount which can be absorbed by the atmosphere.” Never- 
theless the clear and logical body of doctrine in which Dalton 
coordinated the phenomena of vaporization was soon universally 
accepted. In his 7razté de physique experimentale et théorique, 
Biot, who so scrupulously keeps the ideas of Lavoisier and of 
Laplace on affinity and on the caloric, completely abandons the 
theory of vaporization developed by Lavoisier; he no longer 
even mentions the obstacle which pressure by its magnitude 
alone was supposed to offer to vaporization, while on the other 





' Berthollet. Essai de Statique chimique, Tome I, p. 491 (1803). 
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hand he gives a masterly exposition of the theories of Dalton. 

What Dalton had established in opposition to the ideas of 
Lavoisier concerning vaporization, Georges Aimé undertook to 
repeat for the theory of Hutton. He undertakes to show that, 
“when a body is decomposed by heat, it is not the pressure of 
any gas or vapor chosen at random that can stop its decomposi- 
tion; it is the gas which arises from the decomposition, which 
alone can act.” 

Georges Aimé shows, in the first place, that the decomposi- 
tion of a carbonate by an acid, in a closed vessel, stops when the 
carbonic acid formed reaches a certain pressure, which depends 
upon the nature of the carbonate and of the acid used ; with car- 
bonate of calcium and dilute hydrochloric acid he finds this 
pressure to be eight atmospheres. ‘‘ With sodium carbonate and 
tartaric acid, the pressure did not exceed seven atmospheres ; 
with acetic acid, the pressure reached six atmospheres ; with 
citric acid the pressure gauge indicated six atmospheres and a 
half.” 

The pressure, which stops the decomposition of a given 
carbonate by a given acid, is fixed. “It might be thought that 
the pressures obtained depend upon the relative amounts of the 
substances used or upon their individual masses, considered with 
reference to the capacity of the vessel. This is how I decided 
the question: having poured a considerable quantity of acetic 
acid upon some sodium carbonate, I waited until the pres- 
sure gauge became stationary ; then I allowed part of the gas to 
escape, and the pressure gauge returned to the same reading. 

“] then varied the quantity of acid and of carbonate; and 
when these quantities were such that the gas generated by them 
under atmospheric pressure would have occupied a volume thirty 
or forty times that of the closed vessel, I found always very 
nearly the same pressure.” 


But when, at a definite pressure of the carbonic acid 
generated by the reaction, the reaction stops, to what should this 
be attributed? To the magnitude of the pressure, merely, ac- 
cording to Hutton’s idea, or to the fact that this pressure is 
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exerted by the carbonic acid? To decide this dilemma, 
Georges Aimé establishes, with respect to the pressure of the 
carbonic acid which stops the reaction, a law similar to the law 
of the mixture of gases and vapors discovered by Dalton: 

“ Wishing to know”, he says, “if the decomposition of the 
carbonate is stopped only by the pressure of carbonic acid, or by 
the pressure of any gas whatever, I placed an acid in a glass 
bulb terminated by a capillary tube of about the same length as 
the test-tube. This bulb was placed in the test-tube; I increased 
the pressure of the air in the tube to three or four atmospheres ; 
I then broke the bulb and the pressure gauge indicated three or 
four atmospheres more than in the case of the carbonic acid 
alone. It is, thus, the pressure of the carbonic acid which alone 
is able to stop the decomposition of the carbonate.” 

Thus the action of carbonic acid can counterbalance the 
action of another acid, such as actic acid, upon a base, such as 
soda, so that these actions equilibrate; for such an equilibrium 
it is sufficient that the carbonic acid be suitably compressed. 
“Tt seems thus to follow from these facts, that the affinity of 
carbonic acid, suitably compressed, can become equal to that of 
an organic acid chosen at random, in such wise that the base 
combines indifferently with the carbonic acid or with the organic 
acid.” 

Does the pressure of the carbonic acid which ensures the 
equilibrium of the system, depend upon the temperature to 
which the system is raised? Georges Aimé does not put this 
question to any experimental test and does not even mention it; 
but if it be noticed that his object is precisely to correct the ex- 
planation, given by Hutton’s theory, of James Hall’s experiment, 
there can remain no doubt that he tacitly admitted the variation 
of this pressure with the temperature. In this brief memoir, he 
leaves to the reader the application of the ideas which result 
from his experiments, to the fusion of carbonate of calcium 
under pressure, obtained by the English physicist ; but this ap- 
plication admits of no ambiguity, it leads of necessity to the 
explanation given later by H. Sainte-Claire Deville and Debray. 
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Although the thesis in which Georges Aimé’s observations 
are recorded is dated 1837, the observations, as the author him- 
self tells us, were communicated to Dumas as early as 1834. It 
is not until 1864 that Henri Sainte-Claire Deville publishes 
similar views concerning the influence of pressure upom chem- 
ical reactions, and then precisely in connection with James Hall’s 
experiment. 

In the course of his earlier researches upon the phenomena 
of dissociation, H. Sainte-Claire Deville pays attention to the 
changes which chemical reactions undergo as a consequence of 
variations of temperature, the influence of pressure upon these 
reactions do not occupy him in the least. This point of view, 
entirely different from that of Georges Aimé, is shown clearly 
by the titles which Sainte-Claire Deville gives to his first publi- 
cations on dissociation: De /a dissociation ou décomposition 
spontanée des corps sous [influence de la chaleur. Recherches 
sur la décomposition des corps par la chaleur et la dissociation. 
It is only after 1863 that H. Sainte-Claire Deville takes into 
account the influence that pressure exerts upon the conditions of 
chemical equilibrium and that he introduces the idea of disso- 
ciation pressure. This idea, to which he is led by the desire to 
establish a complete analogy between the vaporization of a liquid 
and the decomposition which a gaseous body, such as water 
vapor, undergoes through the action of heat, first presents itself 
in his writings in a somewhat vague and indefinite form. 

In his first note Sur le phénomene de la dissociation de lean, 
H. Sainte—Claire Deville expresses himself as follows: 

“The decomposition of a body is a phenomenon quite 
similar to the boiling of a liquid, the chief character of which is 
the fixed temperature at which it takes place under the influence 
of a source of heat of any intensity whatever, provided the pres- 
sure remains constant. To sum up, water vapor cannot resist 


' Comptes rendus, 45, 857 (1857). 

( 1850). 
* Bibliotheque universelle, Arch. de Genéve; nouvelle période, 9, 54 
* Comptes rendus, 56, 195 (1863). 
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the action of a temperature which increases ten-fold its volume 
at o° ; accordingly, it is decomposed.” 

Then, further on: ‘“ The decomposition of a body at a rela- 
tively low temperature, the phenomenon of dissociation, cor- 
responds to the vaporization of a liquid at a temperature lower 
than the boiling-point, and the quantity dissociated at a given 
temperature will be proportional to the dissociation pressure ex- 
pressed in millimeters of mercury, as the quantity of vapor 
formed above a liquid at a given temperature is proportional to 
the maximum pressure of the vapor.” 

In his note entitled: De /a dissociation de 0 acide carbonique 
et des densités de vapeur,’ H. Sainte-Claire Deville writes: 

“T have compared advssociation or decomposition below its 
fixed point to the evaporation of a liquid below its boiling-point, 
a phenomenon which is necessarily incomplete and of which the 
amount varies with the temperature and the medium in which 
it takes place ; and I have called d¢ssoctation pressure the quan- 
tity of a body which is decomposed into its own vapor, compared 
with the total mass subjected to the action of heat.” 

In his Legons sur la Dissociation? H. Sainte—Claire Deville 
defines more clearly what he understands by the dissociation 
pressure of water vapor: “What”, he asks,3 “is the pressure of 
the uncombined gases (that is, what we shall call later the dis- 
sociation pressure) in the flame of the blow-pipe?” He finds 
this pressure to be 426 millimeters at 2500° and he adds: “If I 
continue my comparison between the phenomena of combination 
and of condensation, I shall say that the fixed temperature of 
combination of hydrogen and oxygen, at a pressure of 426 milli- 
meters of mercury, is 2500°, just as the fixed point of condensa- 
tion or dew point of water vapor is 84.6° at the same pressure of 
426 millimeters. We know, moreover, that this dew point is 
always the same, whether the vapor be alone in a closed vessel 
or mixed with air or any other gas which does not react with it, 


' Comptes rendus, 56, 729 ( 1863). 

* Lecons sur la Dissociation, professées devant la Société chimique de 
Paris, le 18 mars et le 1 avril 1864 (Lecgons de la Société chimique de Paris). 

* loc. cit. Chapitre II. 
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provided that its pressure be 426 millimeters. In the flame at 
25c0°, the detonating gas is mixed with water vapor, its pres- 
sure is 426 millimeters, the total pressure being 760 millime- 
ters.” 

Obviously, the notion of dissociation pressure contained in 
this passage is quite the one which, a few years later, H. Debray,' 
a faithful interpreter of the ideas of H. Sainte—Claire Deville, 
defined in these terms: ‘Certain gaseous or volatile compounds 
are partially and progressively decomposed as the temperature 
rises. A mixture is then obtained, formed of the gases resulting 
from the decomposition of the original body, and of that portion 
of the latter which has not been decomposed, a mixture in which 
the pressure of the elements separated by heat, constant at a 
given temperature, increases with that temperature.” 

We now know that this first example given by Sainte- 
Claire Deville of a dissociation pressure analogous to the pres- 
sure of a saturated vapor, and, like the latter, a function of the 
temperature alone, was taken from a chemical system which does 
not possess such a dissociation pressure. The pressure of the 
gas arising from the dissociation of water which is raisec to a 
given temperature does not depend upon that temperature alone ; 
it changes with the total pressure to which the system is sub- 
jected ; it changes if an excess of oxygen or of hydrogen is in- 
troduced into the system. 

Of the analogy which he assumes between the dissociation 
pressure and the pressure of saturated vapor, and consequently 
between the temperature of decomposition of a body under a 
given pressure and the boiling temperature of a substance under 
a given temperature, Sainte—-Claire Deville makesa more fortunate 
application in showing that it furnishes an explanation of James 
Hall’s experiment. The explanation to which he is led agrees 
perfectly with the one that follows from the principles estab- 
lished by Georges Aimé. Let us quote the passage? in which he 
gives the explanation of that noted experiment. 





‘H. Debray. Recherches sur la Dissociation. Comptes rendus, 64, 603 
(1867). 
‘loc. cit., Chapitre IV, 6°. 
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“The famous experiment of James Hall, the fusion of cal- 
cium carbonate under pressure, is another phenomenon of the 
saine kind ‘as the best known phenomena of change of state. 

“The decomposition of calcium carbonate takes place, like 
the sublimation of a body, in virtue simply of the action of heat, 
and changes in two quite distinct ways: 1°. Its fixed point of 
decomposition, like the boiling-point, rises with the pressure ; 
2°. In virtue of its dissociation pressure, the amount of decom- 
position varies with the nature of the gas which, at any moment, 
is in immediate contact with its molecules. The decomposition 
of calcium carbonate is like the sublimation of arsenic; but the 
product of the decomposition is carbonic acid, while arsenic 
vapor is the product of the sublimation of solid arsenic. It is 
clear that below its doz/ing-pornt, if the arsenic is in contact with 
a layer of its saturated vapor at the temperature of the experi- 
ment, the arsenic will no longer sublime, because of its 
pressure at that temperature. For the same reason, at a given 
temperature and in a closed vessel, the decomposition of calcium 
carbonate is only partial, but it will become total if the carbonic 
acid formed is swept away, as in the experiment of Gay-Lussac. 
Under the same conditions the solid arsenic will change entirely 
into vapor. But,if closed vessels be used, the pressure of the car- 
bonic acid or of the arsenic will each raise the point of total de- 
composition or of total sublimation of the two bodies, and each 
will reach a temperature at which it can exist in the liquid 
state.” 

The researches of Deville left the idea of a dissociation pres- 
sure, fixed at each temperature and analogous to the pressure of 
a saturated vapor, as an hypothesis which no direct experiment 
justified. HH. Debray undertook to transform this hypothesis 
into an experimental fact, and, for that purpose, he turned" to 
the reaction which, from the time of James Hall, had tried the 
ingenuity of physical chemists: the decomposition of calcium 
carbonate by heat. 





(1867). 
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The experimental laws established by H. Debray are the 
following : 

“1°, The dissociation pressure of calcium carbonate is con- 
stant at a given temperature. 2°. This pressure increases with 
the temperature. 3°. It is independent of the state of decom- 
position of the calcium carbonate.” 

These laws lead to ideas concerning the influence of pres- 
sure upon chemical reactions, which are in all points similar to 
those which Georges Aimé had formulated thirty years before. 

The experiments of Debray give a direct demonstration of 
two laws which Georges Aimé without doubt tacitly admitted, 
but which he neglected to verify experimentally, namely : 

The dissociation pressure varies with the temperature ; 

When the pressure of the carbonic acid exceeds the disso- 
ciation pressure, instead of the generation of carbonic acid, the 
absorption of the gas is observed. 

Moreover, the experiments of H. Debray dealt directly with 
the system which James Hall had studied, while the experiments 
of Georges Aimé dealt with a system in which a more compli- 
cated chemical reaction occurs. We now know that if a system 
contains carbonic acid gas, solid sodium carbonate, solid sodium 
acetate, and a liquid mixture of these substances in crystallizable 
acetic acid, the states of equilibrium of the system follow the 
same laws as the states of equilibrium of a system which con- 
tains only carbonic acid, calcium carbonate, and calcium oxide ; 
in the one system as in the other, at a given temperature, 
equilibrium is reached when the carbonic acid exerts a definite 
pressure which depends upon the temperature alone. In both 
cases this pressure may be called by the same name: dissocia- 
tion pressure of the carbonate. But this assimilation, allowable 
to-day, of a system in which a carbonate is decomposed by heat 
with a system in which acetic acid replaces the carbonic acid of 
a carbonate, might have seemed particularly venturesome at the 
time when Georges Aimé admitted it without discussion. 

Finally, the conditions under which the experiments of 
Georges Aimé were carried on are not well known, and it is not 
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easy to decide whether these conditions are really the ones under 
which the laws formulated by Aimé are applicable. 

On the other hand, the experiments of Georges Aimé, more 
complete in this respect than those of Debray, show that the 
dissociation pressure is the same in an inert gas as in a vacuum, 
and their author very properly attributes great importance to 
this law, analogous to the law of the mixture of gases and vapors 
discovered by Dalton. 

H. Sainte-Claire Deville and H. Debray never knew of the 
discoveries of Georges Aimé concerning the influence of pres- 
sure upon chemical reactions; if they had, with their scrupulous 
honesty, they would not have failed to mention them. Their 
ignorance is in no way surprising ; when they took up the study 
of dissociation, Aimé’s thesis," the only place in which these 
ideas had been recorded, had doubtless become very rare, and no 
voice was raised in support of the claims of their author, long 
since dead. 

In exhuming to-day Aimé’s work, we do not mean to dimin- 
ish in any way the ever-growing fame of H. Sainte—Claire De- 
ville and of H. Debray, inasmuch as this work, unknown to 
them, can have been of no service to them. But we think it 
right, hereafter, to place next to their names that of the physi- 
cist who, the first, clearly formulated the idea of dissociation 
pressure; long enough has he remained buried in oblivion — the 
too frequent fate of thinkers who are in advance of their time. 


« At its meeting of April 27, 1809, the Société des Sciences Physiques et 
Naturelles de Bordeaux decided that a reprint of Georges Aimé’s thesis should 
be published in its Mémoires. 














DIFFERENCES OF POTENTIAL BETWEEN METALS 
AND NON-AQUEOUS SOLUTIONS OF 
THEIR SALTS 


BY LOUIS KAHLENBERG 
INTRODUCTION 


The osmotic theory of the voltaic cell has led to numerous 
careful measurements of the differences of electrical potential 
that exist between metals and the aqueous solutions of their salts 
in which they are immersed. The measurement of “single 
potentials” became possible when by means of the so-called 
dropping electrode one difference of potential between a metal 
and the solution in contact with it had become established. In 
the normal calomel electrode, — Mercury |mercurous chloride in 
normal solution of potassium chloride, — the difference of poten- 
tial between the metal and the solution has been found to be 

0.56 volt,’ the minus sign indicating that the metal is positive 
toward the solution. Many measurements have been made 
against this normal electrode, using it as a half cell and deduct- 
ing its value from the total E. M. F. of the combination 
measured. According to Richards’ the half cell in which a 7 10 
solution of potassium chloride instead of a normal solution is 
employed has a more constant potential and investigators are 
consequently beginning to use the 7 ro electrode in place of the 
normal electrode. <A few differences of potential between metals 
and salts in the molten state have recently been measured by 
Gordon.’ The contact potential between metals and non-aque- 


' Compare Ostwald. Zeit. phys. Chem. 1, 583 (1887). Also some work on 
single differences of potential by Carveth. Jour. Phys. Chem. 2, 287 (1898), 
where the value — 0.56 is regarded as uncertain. 

® Zeit. phys. Chem. 24, 39 (1897). 

’ Proc. Am. Acad. 34, 59 (1898). 
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ous solutions of their salts has received almost no attention, 
probably because of the widespread erroneous idea that non- 
aqueous solutions of salts are generally such poor conductors of 
electricity as to exclude the possibility of the measurement of 
the electromotive forces in question. 

In 1894 H. C. Jones' measured the contact potential between 
silver and silver nitrate solutions; in the preparation of the latter 
water, ethyl alcohol, methyl alcohol and acetone were used as 
solvents. The combinations measured were made up as follows : 
Ag| AgNO, in water, AgNO, in alcohol | Ag, methyl alcohol and 
acetone being used in turn instead of alcohol. The solutions 
used always contained the same amount of salt per liter. The 
electrode in the non-aqueous solution was in each case found to 
be the positive poleofthe chain. The highest E. M. F. measured 
was 0.182 volt, in the case where acetone was used as solvent; 
when methyl and ethyl alcohol were used, the highest values 
found were 0.123 volt and 0.130 volt respectively. Now since 
these non-aqueous solutions of silver nitrate do not conduct elec- 
tricity as well as aqueous solutions, the former contain fewer ions 
according to the theory of electrolytic dissociation. If with Nernst 
it be assumed that the metal hasan electrolytic solution tension and 
that the difference of potential between the metal and the solution 
is determined by the magnitude of the solution tension and that of 
osmotic pressure of the silver ions, in the solution, then (if fora 
moment the assumption be made that the solution tension does 
not vary when the solvent is changed) the silver in the non- 
aqueous solution ought to be the negative pole of the above com- 
bination. Since experiment shows that the opposite is the case, 
Jones concludes that the solution tension of silver is different in 
acetone and alcoholic solutions from what it is in aqueous solu- 
tions; in other words, the soiution tension of silver is not a con- 
stant for all solvents of its salts, but varies with the nature of the 
solvent in which the silver salts are dissolved. He states that 
the same will probably be found to be true for other metals also. 

Jones discusses the question as to the E. M. F. at the points 


' Zeit. phys. Chem. 14, 346 (1894). 
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where the alcoholic solutions touch the aqueous solutions and 
also where the two alcoholic solutions come into contact with 
each other. He found experimentally that while silver in silver 
nitrate solution in ethyl alcohol is more positive toward the 
aqueous solution than is silver in silver nitrate solution in methyl 
alcohol, silver in the latter solution is positive toward silver in 
the ethyl alcohol solution, —to be sure by less than o.o1 volt. 
According to Jones this would indicate that a difference of poten- 
tial exists between the alcoholic solutions at their points of con- 
tact. Buteven ifthe silver in the ethyl alcohol had been positive 
toward that in the methyl alcohol, this would not have made it 
less probable that an E. M. F. exists at the junction of the two 
solutions. It is well known that the point of contact of two 
electrolytes is in general the seat of an E. M. F., which, however, 
on the whole is not great, amounting to only a few hundredths 
of a volt at most asarule. The measurements of Jones too would 
indicate that the E. M. F. at the contact of two solutions is slight. 

The object of the present investigation is to determine the 
differences of electrical potential that exist between metals and 
various non-aqueous solutions of their salts. While the main 
object at present is to accumulate facts, the results obtained will 
also be viewed in the light of the osmotic theory of the galvanic 
cell as developed by Nernst and Ostwald as far as existing data 
essential for this purpose will permit. In a previous article’ the 
electrical conductivity of a number of non-aqueous solutions was 
presented. These conductivity measurements have since been 
continued by Mr. A. T. Lincoln, whose results are ready for pub- 
lication and will appear shortly in the pages of this journal. 
The present article contains the results of one of a series of in- 
vestigations of non-aqueous electrolytic solutions that is in 
progress in this laboratory. 


Method of Experimentation and Materials Employed. — 
The electromotive forces were measured by means of the 
compensation method of Poggendorf, using a Lippmann’s elec- 
trometer as a zero instrument.? The latter was sufficiently sen- 


' Kahlenberg and Lincoln. Jour. Phys. Chem. 3, 12 (1899). 
? Compare Ostwald, Hand- und Hilfsbuch, 254. 








382 Louts Kahlenberg 


sitive to permit measurements to be made to one millivolt. In 
a few cases, however, where the solutions were very poor con- 
ductors of electricity this degree of accuracy was not quite 
attained. 

A Leclanché cell was used as the “ working element” in the 
compensation process. The E. M. F. of this Leclanché cell was 
determined before and after each measurement by means of a 
Helmholtz one volt element; the latter was in turn compared at 
times with a Clark element and also with a Weston element. 
The three standard elements showed excellent agreement through- 
out the investigation, and the E. M. F. of the Leclanché cell also 
became remarkably constant after a time. 

In a number of cases measurements were made directly 
against a normal calomel electrode, the E. M. F. of which was 
assuined to be — 0.56 volt. In fact all the “single potentials” 
given below are calculated on this value of the normal electrode 
as a basis. A 2/10 calomel electrode was also prepared. It was 
connected with the normal electrode and the E. M. F. of the 
combination was found to be 0.053 volt. Although the measure- 
ment was repeated at various times the same result was always 
obtained. A student in this laboratory, who had independently 
prepared two of these electrodes, also obtained 0.053 volt on 
measuring the E. M. F. of the electrodes when combined. ‘This 
makes the value of the 7/10 electrode — 0.613 volt, the E. M. F. 
at the contact of the #1 and 7/10 solutions being disregarded in 
making the calculation. 

The general arrangement of the voltaic combinations meas- 
ured was as follows: The metals dipped into solutions contained 
in test-tubes or small beakers placed on a level and filled to the 
sane height. The connection between the two vessels was made 
by means of a strip of good filter-paper folded to several thick- 
nesses; thus the solutions soaked into the filter-paper from each 
end, and when the liquids met in the pores of the paper near the 
middle of the strip the electrical connection was established and 
the measurement could be made without much danger of either 
of the solutions passing over into the other dish. As with but 
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few exceptions the metals dipped into solutions of their salts, 
the E. M. F. was as a rule quite constant and the measurement 
occupied only a few moments in each case. The use of the strip 
of filter-paper, besides offering the advantage mentioned, enabled 
me to work with smaller quantities of solutions than could very 
well have been used if the connection between the two half cells 
had been made in the usual way by means of a 4 tube filled 
with one of the solutions. This was important as but small 
quantities of the solvents were available in some cases. I 
assured myself by experiment that the results obtained by the 
method adopted were not appreciably different from those that 
were found when the connection was made by means of the 
{1 tube in the usual way. 

Unless otherwise stated the solvents used were perfectly 
anhydrous. All of them were of standard manufacture, having 
been obtained from either Kahlbaum, Schuchardt, Merck or 
Trommsdorff. In a few cases I prepared and purified the sol- 
vents myself as they were not on hand and could not be secured 
in this country. 

The salts employed were of the C. P. variety. They were 
carefully dehydrated after preparation, or they were prepared in 
anhydrous form at the outset. The solutions were prepared by 
dissolving a weighed quantity of salt (with the aid of heat when 
necessary) and diluting the resulting solution to the volume de- 
sired. The solutions of the anhydrous nitrates of zinc, magne- 
sium, copper, cadmium and thallium in pyridine and aniline 
were obtained by treating #710 solution of silver nitrate with 
-ach of these metals; thus silver was thrown out and the solu- 
tion of the nitrate desired was at once obtained. These metals 
were allowed to remain in contact with the solutions till no more 
silver was precipitated, and till other analytical tests showed 
that silver was no longer present. In all cases the silver nitrate 
solution was allowed to remain in contact with an excess of the 
respective metals for two or three weeks, in some cases (particu- 
larly those of magnesium and zinc) for months. The precipita- 
tion of the silver generally begins to become apparent as soon as 
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the other metal is brought into contact with the solution, but the 
last traces of silver require considerable time for their removal. 
It suggested itself that the process could be hurried by electro- 
lyzing the silver nitrate solution, using the metal whose nitrate 
is desiredas anode. In the case of the pyridine solution, the liquid 
turned dark even when a weak current was employed, and so it 
was decided not to use this method, for it was evident that some 
secondary change was taking place. The following metals com- 
pletely replace silver in a silver nitrate solution in pyridine: 
magnesium, zinc, cadmium, thallium, lead, copper. Mercury 
seems to replace silver only partially, while iron, nickel, cobalt, 
aluminum, gold and platinum may remain a long time in the 
silver nitrate solution without any visible change, their surfaces 
remaining perfectly bright. The solution of silver nitrate in 
aniline behaves in an analogous manner toward the metals men- 
tioned. In the case of this solution it was also ascertained that 
tin, antimony and bismuth do not precipitate the silver. 
Whether the fact that the metals above named do not replace 
silver in these solutions is to be explained by the sparing solu- 
bility of their nitrates—which would have to form — has not 
been determined. It is easy to see why gold and platinum 
should not replace silver, but the behavior of the other metals is 
not so readily explained. This matter will be taken up again 
in connection with another investigation. 

The electrodes used were in the form of sticks or foil. 
They were of the purest metals obtainable in the market. The 
electrodes were carefully cleaned with emery cloth until their 
surfaces were bright. They were then washed with water and 
dried with clean filter-paper. The electrodes were thus cleansed 
before each determination; and neither the emery cloth nor the 
filter-paper was used more than once, new pieces being employed 
each time so as to guard against contamination of the surfaces of 
the metals. In those voltaic chains in which both electrodes 
were of the same metal, special care was taken to test the elec- 
trodes in one and the same solution to see whether they were 
alike; and, as a rule, the electrodes used in the chain were ex- 
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changed after being washed and wiped with clean new filter- 
paper — and the E. M. F. of the combination was then measured 
again. The results so obtained always agreed to a millivolt. The 
measurements were in all cases made at room temperature, about 
20° C. 

Presentation of Results.— Silver nitrate dissolves in a 
relatively large number of solvents yielding solutions that con- 





duct electricity. Twenty-four 7/10 solutions were prepared, a 
different solvent being used in each case, and the differences of 
potential between these solutions and metallic silver dipping into 
them were determined. The number of different solvents used 
in preparing the solutions of salts of other metals is not as great. 

In the calculation of so-called single or absolute potentials, 
the E. M. F. at the contact of the liquids has throughout been 
disregarded. These electromotive forces are as a rule small, but 
in some cases they amount to several hundredths of a volt. An 
examination of the results given below will show this so that 
further comment on this point seems unnecessary. An experi- 
mental determination of these electromotive forces has thus far 
not been attempted because they are of secondary importance, 
and because, in many cases at least, the rather complicated 
chains necessary in making such determinations would make it 
very difficult to obtain sufficiently accurate results because of 
the high resistance of the solutions. 

As stated above, all the absolute potentials given are re- 
ferred to that of the normal calomel electrode as being — 0.56 volt, 
but measurements were not always made directly against this 
electrode. A 7/10 solution of silver nitrate in pyridine being a 
good conductor, the difference of potential between it and silver 
could be measured accurately. It was found to be — 0.573 volt. 
Many of the combinations, particularly those made with solu- 
tions whose solvents do not mix with water or are but slightly 
soluble in water, were measured against silver dipping in a 7/10 
solution of silver nitrate in pyridine and the single potentials 
sought were then calculated. In a few cases measurements were 
made using silver in 7/10 aqueous solution of silver nitrate as a 
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half cell— whose E. M. F. was ascertained to be —1.018 volts— 
and the single potentials were calculated from the results obtained. 
To ascertain a single potential, i. e. the E. M. F. of a half cell, 
the latter was connected successively with two or more half cells 
of E. M. F. of the combination previously ascertained ; the total 
E. M. F. formed was then measured and the single potential sought 
calculated in each case. This course was taken in order that the 
separate determinations might act as a check the one upon the 
other. 

The results of the measurements are given in the following 
table. The combinations are numbered in the first column in 
order to facilitate future reference tothem. The second column 
gives in detail the voltaic chains measured. The common way 
of writing them has been adopted so that further explanations 
will not be necessary. <A plus sign indicates the positive pole 
of the chain. All solutions contain one-tenth of a gram equiva- 
lent of salt per liter unless otherwise indicated. Where nomen- 
tion of the salt contained in the solution is made, silver nitrate 
was used. The solvents are given in all cases. The third col- 
umn contains the E. M. F. of the total combination, and the 


fourth column contains the absolute E. M. F. of the first half 


of the chain, the calculation being made as already explained. 
In all cases the electromotive forces are given in volts. 





No. Voltaic Chain Absolute 
E. M. F. E. M. F. 

1 Ag | Water | N. electrode 0.458 V 1.018 V 

2 Ag | Water | Pyridine | Ag 0.419 0.992 

3 Ag | Methyl alcohol | Water | Ag 0.090' 1.108 

4 Ag | Ethyl alcohol | N. electrode 0.532 1.083 

5 Ag | Ethyl alcohol | Water | Ag 0.092° 1.110 

6 Ag | Ethyl alcohol | Pyridine | Ag 0.569 1.142 

7 <Ag | Allyl alcohol | Water | Ag 0.065 0.953 

8 Ag | Allyl alcohol | Ethyl alcohol | Ag 0.150 0.963 








' Taken from the work of Jones (1. c. ). 
? Jones (1. c.) found 0.095 volt for this chain. 











- 





Differences of Potential 





No. Voltaic Chain 
E. M. F. 
g Ag | Allyl alcohol | Pyridine | Ag 0.423 
+. 
10 Ag | Benzyl alcohol | Water | Ag 0.026 


11 Ag} Benzyl alcohol | Ethyl alcohol | Ag 0.052 


















































12 Ag | Benzyl alcohol | Pyridine | Ag 0.531 
13. Ag | Glycol | Water | Ag 0.002 
14 Ag | Glycol | Ethyl alcohol | Ag 0.097 
15 Ag | Glycol | Pyridine | Ag 0.424 
16 Ag | Glycerine | Water | Ag , 0.039 
17 Ag | Glycerine | Ethyl alcohol | Ag O.114 
18 Ag | Glycerine | Pyridine | Ag 0.350 
19 Ag | Acetone | N. electrode 0.608 
20 Ag | Acetone | Pyridine | Ag 0.613 
21 Ag | Aesaaitelle | N. electrode 0.302 
22 Ag | Acetonitrile | Pyridine | Ag 0.370 
23 Ag | Benzonitrile | Water | Ag 0.013 
24 Ag | Benzonitrile | Pyridine | Ag 0.445 
25 Ag | Ethyl cyanacetate | Pyridine | Ag 0.482 
26 Ag | Pyridine | N. electrode 0.013 
27 Ag| Pyridine N/1o electrode 0.039 
28 N/10 electrode | N. electrode 0.053 
29 Ag | Quinoline | Pyridine | Ag 0.044 
30 Ag | Piperidine | N. electrode 0.088 
31 Ag | Piperidine | Pyridine Ag ; O.151 
32 Ag | Aniline | Pyridine | Ag 0.169 
33 Ag | Methylaniline’ | Pyridine | Ag 0.417 
34 Ag | Dimethylaniline’ | Pyridine | Ag 0.352 
35 Ag |o. Toluidine | Pyridine | Ag 0.156 











' These solvents did not yield clear solutions of silver nitrate 
apparently takes place to some extent. 
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Voltaic Chain . 



























































E. M. F 

m. Xylidine 1.3.4. | Pyridine | Ag 0.169 
n. Propylamine | Water Ag 0.622 
n. Propylamine | Pyridine | Ag 0.212 
n. Butylamine | Water | Ag 0.605 
n. Butylamine | Pyridine | Ag 0.203 
iso-Butylamine | Pyridine | Ag 0.178 
iso-Butylamine | Water | Ag 0.575 
Amylamine | Water | Ag 0.576 
Amylamine | Pyridine | Ag 0.196 
mono-Benzylamine | Pyridine | Ag 0.186 
AgCN in Pyridine | Pyridine | Ag 0.054 
Mg( NO,), in Pyridine | N. electrode 0.984 
Mg( NO, ),in Pyridine | Pyridine | Ago.929 
Mg(NO,), in Aniline | Aniline | Ag 1.151 
ZnCl, in Water | N. electrode 1.082 
ZnCl, in Pyridine | N. electrode 0.832 
ZnCl, in Water | ZnCl,in Pyridine | Zno.274 
Zn( NO, ), in Pyridine | N. electrode 1.079 
Zu( NO,), in Pyridine | ZnCl, in 

Water | Zn 0.026 
Zn( NO, ), in Pyridine | ZnCl, in Pyri- 

dine | Zn ! 0.234 
Zu( NO,), in Pyridine | Pyridine | Ag 1.087 
ZnCl inAniline | ZnCl,in Pyridine | Zno.111 
(Saturated solution) 
Zn( NO,), in Aniline | Aniline | Ag 0.916 

(Saturated solution) 

ZnCl, in Quinoline | N. electrode 0.494 
ZnCl, in Quinoline | ZnCl, in Water | 

Zn 0.598 


Absolute 
E. M. F. 


0.742 
0.396 
0.361 
0.413 
0.370 
0.395 
0.443 
0.442 


0.519 


0.496 


0.506 
0.514 
0.383 


0.174 


0.066 


0.076 
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No. Voltaic Chain Absolute 
E. M. F. E. M. F. 
61 N. electrode o.g10 +-0.350 ' 
62 Zn | ZnCl, in Ethyl alcohol | ZnCl, in 
Water | Zn 0.195 +-O0.327 
63 Cd | Cd(NO,), in Pyridine | N. electrode 0.785 +-0.225 
64 Cd|Cd(NO,), in Pyridine | Pyridine | Ag 0.746 +-0.173 
65 Cd | Cd( NO,), in Pyridine | Zn( NO,), in | 
Pyridine | Zn 0.340 +-O.179 
} 66 T1| TINO, in Pyridi 0.699 + 0.126 
67 Pb| Pb( NO,), in Pyridine | N. electrode 0.297 0.263 
(0.1557 ‘gin roce) + 
68 Pb| Pb( NO,), in Pyridine | N. electrode 0.203 0.357 
69 Pb| Pb( NO,), in Pyridine | Pyridine | Ag 0.170 0.403 
70 ~=Pb| Pb( NO,), 0.327 0.415 
71 Cu | Cu(NO,), in Pyridine | Pyridi 0.366 0.237 
(Saturated solution) 
72 Cu | Cu(NO,), in Aniline | Aniline | Ag 0-210 0.532 
73 Cu er CuSO, in Methylalcohol | N. dtmdine. 156 0.716 
(Saturated solution) 
74 in Methyl alcohol | N. elect rode 0.086 0.489 
45 percent solution) 
75 = Ethyl alcohol | N. electrode 0.041 0.519 
1 mol in 8113 cc) 
76 in Methy! alcohol | 
(14 5 percent solution) 
in E 0.013 —0. 506 





y 1 ary in 8113 por 


77 sb | SbCl, in Methyl alcohol | 
(14. 5 percent solution) 
CuSO, in Methyl alcohol | Cu 0.213 0.503 


(Saturated solution) 











78 Sb “1, in Nitrobenzene | N. electrode 0.181 0.741 
(1 mol in 1825.5 cc) 
79 Sb 
(1 mol in 1825 5 cc) 
SbCl, in Ethyl alcohol | Sb 0.233 —0.752 
| (1 mol in 8113 cc) ° 
8o Bi | BiCl, in Methyl alcohol | N. electrode 0.039 0.521 


(9 percent solution) 


81 Bi | BiCl, in Methyl alcohol | 
(9 percent solution) 

SbCl, in Methyl 

(14 5 percent solution) 


82 Fe | FeCl, in Water | N. electrode 0.529 0.031 


(1/10 mol per liter) 





Sb 0.026 0.515 
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No. Voltaic Chain Absolute 
rn E. M. F. E. M. F. 
83 Pt | FeCl, in Water | N. electrode 0.481 1.041 


(1/10 mol per liter) 
84 Fe | FeCl, in Ethyl] alcohol | 
(1/8 mol per liter) 
FeCl, in Water | Fe 0.273 0.303 
(i 10 "mol per liter) 
85 Pt | FeCl, in Ethyl alcohol | 
(1/8 mol per liter) 
FeCl, in Water | Pt 0.084 0.957 


(1/10 mol per liter) 








86 Fe , in Nitrobenzene 
(. 4508 g in 77 6cc) 
FeCl, in E ‘thy alcohol | Fe 0.909 1.212 
+ (1/8 mol per liter) 


87 Pt | FeCl, in Mitrobensene | 
(1 4508 g in 7 "7 6cc 
FeCl, in E thy] alcohol | Pt 0.792 1.749 
(1/8 mol per liter) 
88 Fe | FeCl, in o. Nitrotoluene 
(0.1473 g in 10 cc) 
FeCl, in Ethyl alcohol | Fe 0.571 0.874 
(1/8 mol per liter) 
8g Pt | FeCl, in o. Nitrotoluene | 
(0.147. 38 in 1occ) 
FeCl, in Ethyl alcohol | Pt 0.623 


(1/8 mol per liter) 

It appears from the above table that the single potential 
a metal toward a solution varies somewhat according as the 
measurement is made directly against the normal electrode or 
against some other half cell, which has been determined directly 
by measurement against the normal electrode. It will be 
noticed that these variations affect the second decimal place ; 
they are due to the E. M. F. at the junction of the solutions, 
which were neglected in calculating the single potentials as 
stated above. 

Discussion of Results. — When the foregoing results are 
regarded without reference to theory the following facts become 
evident. 

Silver is positive toward all the solutions in which it was 
tested (Nos. 1 to 45). It is most positive toward the solution in 
acetone and least toward that in propylamine. The contact-poten- 
tials of silver and the aqueous and alcoholic solutions — including 
glycerine and glycol —(Nos. 1 to 18) are of the same general 
order, the differences being only a few hundredths of a volt. 





-580 
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While silver is more positive toward the solution in acetone 
(Nos. 19 an2 20) than toward aqueous or alcoholic solutions, it 
is more positive toward the latter than toward the solution in 
acetonitrile (No. 21). Toward the benzonitrile solution (Nos. 23 
and 24) and also toward the solution in ethyl cyanacetate silver 
is about as positive as toward the aqueous and alcoholic solutions. 
Toward the solution in pyridine (Nos. 26 and 27) silver is only : 
about one-half as positive as toward the alcoholic solution. 
While this metal is slightly more positive toward the solution 
in quinoline (No. 29) than toward the solution in pyridine, it 
is less positive toward the solution in piperidine (Nos. 30 and 31) 
than toward the latier. The contact-potential between silver 
and the solution in aniline (No. 32) is the same as that between 
this metal and the solutions in m-xylidine (No. 36) and o-tolui- 
dine (No. 35), the variation in the case of the latter being in ‘ 
the third decimal place. It will be noted that the last three 
solvents mentioned are closely related in that each contains an 

amido group in place of one of the hydrogens of the benzene 

ring. ‘Toward the solutions in methyl- and dimethylaniline 
(Nos. 33 and 34) silver is about as positive as toward the solu- 
| tions in glycol (No. 15) and glycerine (No. 18) respectively. 
Toward the solutions in #-butyl, isobutyl, amyl and benzyl amine 
(Nos. 37 to 45) silver is less positive than toward any of the other 
solutions except possibly that in piperidine. While the E. M. F. 
at the contact of silver and the solutions in these amines is of the 
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same general order, it seems from a comparison of Nos. 37, 39 
and 43 or Nos. 38, 40, 44 and 45, that the metal becomes more 
positive toward the solutions in the amines that are higher in 





the homologous series or are richer in carbon content. A com- 
parison of Nos. 39 and 40 with Nos. 42 and 41 respectively 
shows that silver is slightly more positive toward the solution in 
isobutyl amine than toward that in #-butyl amine. Silver is 
somewhat less positive toward a solution of silver cyanide in pyr- 
idine than toward one of silver nitrate in the same solvent as 
No. 46shows. From an inspection of Nos. 1 to 45, it appears 
that contact-potentials between a metal and solutions in various 
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solvents, each containing the same quantity of a salt of the metal 
per liter, depend on the chemical nature of the solvents; in the 
case of solvents of a similar chemical nature these differences of 
potential are approximately the same, this approximation being 
the better the more closely the solvents are related to one an- 
other. 

Magnesium is much less negative toward solutions of magne- 
sium nitrate in pyridine and aniline (Nos. 47 to 49) than it is 
toward an aqueous solution of this salt. Neumann’ found the 
E. M. F. at the contact of magnesium and an aqueous, normal 
solution of magnesium nitrate to be — 1.060 volts. The elec- 
tromotive force at the contact of magnesium and the aniline 
solution differs but slightly from that at the contact of this metal 
and the pyridine solution. It is interesting to note that while 
silver is less positive toward solutions in aniline and pyridine 
than toward the aqueous solution, magnesium is more positive 
(or less negative) toward the former than toward the latter. In 
other words, this would indicate that silver and magnesium lie 
closer together in the electrochemical series when pyridine and 
aniline solutions are under consideration than when aqueous 
solutions are considered. 

Zinc is less negative (or more positive) toward zinc chloride 
in pyridine (No. 51), aniline (No. 57), quinoline (Nos. 59 and 60), 
and alcohol (Nos. 61 and 62) than toward the aqueous solution 
(No. 50). Its behavior is then similar to that of magnesium and 
hence opposite to that of silver. Toward the solution of zinc 
nitrate in pyridine (Nos. 53 to 56), zinc is approximately as 
negative as toward the aqueous solution’ (No. 55 also 53 and 50); 
but toward the solution of this salt in aniline the metal is far 
less negative than toward the aqueous solution® (No. 58). The 
contact-potential of zinc in zine chloride in quinoline is slight 
and is in the sense that the metal is positive toward the solution 





' Zeit. phys. Chem. 14, 229 (1894). 

? The contact-potentials between zinc and aqueous solutions of its chloride 
and nitrate are not very different. Neumann (1. c.) found them to be + 0.503 
volt and — 0.473 volt respectively for normal solutions. 








' 
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(Nos. 59 and 60). This is very unusual, and it is to my knowl- 
edge the first case found where zinc is positive toward the solu- 
tion in which it is immersed. It may be well to state in this 
connection that, judging from the movements of the mercury of 
the electrometer the solution of zine nitrate in pyridine conducts 
well, the corresponding solution in aniline conducts poorly. The 
solutions of zinc chloride in pyridine, quinoline and aniline are 
poor conductors; the alcoholic solution conducts somewhat 
better. 

Cadmium is somewhat more negative toward a solution of 
cadmium nitrate in pyridine than toward a solution of this salt 
in water (Nos. 63 to 65). Neumann’ found the E. M. F. at the 
contact of this metal and a normal aqueous solution of its nitrate 
to be + 0.122 volt. 

The single case in which thallium was used (No. 66) would 
indicate that this metal is negative toward a pyridine solution of 
its nitrate to an extent not very different from what its potential 
is toward an aqueous solution. Neumann’ found the E. M. F. at 
the contact of thallium and a normal, aqueous solution of its 
nitrate to be + 0.112 volt. 

Lead is much more positive toward lead nitrate solutions 
in pyridine and aniline (Nos. 67 to 70) than toward the aqueous 
solution of this salt, Neumann" having found — 0.115 volt to be 
the E. M. F. at the contact of this metal and a normal aqueous 
solution of its nitrate. Lead then behaves toward the pyridine 
solution of its nitrate in a manner opposite to that in which sil- 
ver acts toward a solution of its nitrate in this solvent. 

Copper is probably somewhat less positive toward the solu- 
tion of its nitrate in aniline (No. 72) than toward the aqueous 
solution of this salt. Neumann's’ value for the E. M. F. at the 
contact of copper and a normal aqueous solution of its nitrate is 

0.615 volt. Copper is certainly much more positive toward 
the solution of its sulphate in methyl aleohol( No. 73) than toward 
the aqueous solution of this salt. Neumann’ found — 0.515 volt 
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for the E. M. F. at the contact of copper and a normal aqueous 
solution of its sulphate. Toward the pyridine solution of its 
nitrate (No. 71) copper is probably less positive than toward the 
corresponding aqueous solution. The saturated solution of copper 
sulphate in methyl alcohol conducts very poorly. 

Towards solutions of antimony trichloride in methyl and 
ethyl] alcohols, antimony is fairly strongly positive (Nos. 74 and 
77). These results cannot be compared directly with an aqueous 
solution of antimony trichloride for the latter dissolves in water 
only in presence of an excess of acid. Toward the solution in 
nitrobenzene (Nos. 78 and 79) antimony is much more positive 
than toward the alcoholic solutions. The alcoholic solutions 
conduct better than do those in nitrobenzene.’ 

Bismuth is positive toward solutions of its trichloride in 
ethyl and methyl alcohol (Nos. 80 and 81) to approximately the 
same extent that antimony is positive toward the solutions of its 
trichloride in these solvents.’ 

Toward ferric chloride solutions in alcohol, nitrobenzene 
and orthonitrotoluene iron is much more positive than toward 
the solution of this salt in water (compare Nos. 82, 84, 86 and 
88}. Platinum is more positive toward an aqueous than toward 
an alcoholic solution of ferric chloride (Nos. 83 and 85); but 
toward solutions of this salt in nitrobenzene and orthonitro- 
toluene (Nos. 87 and 8g) it is much more positive than toward 
the aqueous solution. The study of the so-called oxydation and 
reduction chains in which solvents other than water are used is 
evidently full of interest. It will receive more attention in the 
future. The few measurements here given are of course entirely 
insufficient to make any general statements. 

I desire here once more to call special attention to the fact 
that, while the E. M. F. at the contact of a metal and a solution 


' Compare Kahlenberg and Lincoln, 1. c. 

* Neumann (1. c.) found the E. M. F. at the contact of antimony and an- 
timony trichloride in water plus hydrochloric acid to be -— 0.376 volt, and at the 
contact of bismuth and the acidified aqueous solution of its trichloride he deter- 
mined the E. M. F. to be — 0.315 volt. 
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of its salt varies with the nature of the solvent, this variation 
may differ, not only as to degree but also as to sense or direction, 
from the potential that the metal exhibits toward, for example, 
an aqueous solution of the salt. The results upon which this 
statement is based have just been discussed in detail and hence 
it is unnecessary to consider them again here. 

The results viewed in the light of the osmotic theory of 
the cell. — When a metal dips into an aqueous solution of one 
of its salts the difference of potential between it and the solution 
may be calculated according to the formula : 


a, OO ay 
> nat p° 


nN 

where 7 is the difference of potential in volts, R the gas constant 
so-called, T the absolute temperature, 7, the valence of the 
metal, ¢, the constant of Faraday’s law, and P and / the electro- 
lytic solution tension of the metal and the osmotic pressure of 


its ions in the solution respectively. At a given temperature 


is a constant; at room temperature (20° C) the formula be- 
0.0581 P . . 

comes 7 = log p? when the common instead of the nat- 
ural logarithm is used. For a given metal 7, is also a constant, 
and hence the value of 7 depends upon the ratio of the solution 
tension, P, to the osmotic pressure of the metallic ions, f. As 
the constant of Faraday’s law is involved in this formula, it is 
necessary before attempting to apply the same to non-aqueous 
solutions to inquire whether Faraday’s law holds for the latter. 
On this point I desire to say, that I have electrolyzed a number 
of the non-aqueous solutions mentioned above, having a silver vol- 
tameter in the same circuit, and the amounts of the metals de- 
posited in the various cases tested show that Faraday’s law holds 
for these solutions as for aqueous solutions. The results of this 
special investigation will be published in another article. 

Now the electrolytic solution tension, P, is a hypothetical 


' Compare for instance LeBlanc’s Elektrochemie, 124. 
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quantity and can only be found by use of the above formula 
when 7 and f# are known. As 7 is readily measured, and as 
the values of it are given above for a number of combinations — 
in which non-aqueous solutions are employed — with a degree of 
approximation sufficient for most purposes, the osmotic pressure 
of the ions of the metal or / only needs to be ascertained in each 
case in order that the solution tension of the meta! or P may be 
calculated. To ascertain / it is necessary to determine the de- 
gree of electrolytic dissociation of the salt in the solution. 

It would be exceedingly interesting to calculate these values 
of P of the metals toward various solvents, and to see whether 
the metals have the highest electrolytic solution tension toward 
those solvents in which their salts conduct best, and whether 
these solution tensions increase with the dielectric constants of 
the solvents, ete. 

In the case of aqueous solutions of electrolytes the degree of 
dissociation, a knowledge of which is necessary in order to ascer- 
tain f, may be determined from the electrical conductivity 
according to the well-known formula, a »~ , where a is the de- 


KB, 
gree of dissociation and yw, and w, are the molecular conductivi- 


ties at the volume v and at infinite dilution -respectively. The 
degree of dissociation can generally also be found by means of the 
freezing-point or boiling-point methods. In the case of the non- 
aqueous solutions in question, however, the degree of dissociation 
cannot be calculated from the electrical conductivity, because 
#, isnot known.' The molecular conductivity of non-aqueous 
solutions as a rule increases with the dilution but not very 
rapidly, only rarely do the values found clearly tend toward a 
maximum. (Compare for example the work of Kahlenberg and 
Lincoln (1. c.) and the references there given.) To be sure there 
are also many aqueous solutions that conduct but feebly and yet 
the value of wu, for them has been found by calculation making 
use of the fact discovered by Kohlrausch that the conductivity 


' For silver nitrate in acetonitrile Dutoit and Friderich, Bull. Soc. Chim. 
Paris. 19, 327 (1898) place #s equal to 160. This figure will be used below. 
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in the case of aqueous solutions is an additive property. But 
for the non-aqueous solutions here in question it has not been 
established that their electrical conductivity is additive in char- 
acter. Again the molecular conductivity of some non-aqueous 
solutions practically does not change with the dilution, though 
because of the low value of the conductivity and because of the 
molecular weight of the substance in solution dissociation cannot 
be considered to be complete.'. Furthermore, there have been 
found cases where the molecular conductivity diminishes as the 
dilution increases.?. These facts are not in harmony with the 
theory of electrolytic dissociation. 

The question arises, cannot the degree of dissociation in the 
case of non-aqueous conductivity solutions be found by the freez- 
ing-point or boiling-point methods? When the conductivity of 
the solutions is slight these methods are not sufficiently delicate 
to detect with certainty the fact that dissociation exists, much 
less can they be used to estimate the extent of the latter; but 
when the solutions conduct fairly well these methods certainly 
ought to enable one to ascertain the extent of the dissociation 
of the dissolved salt. Dutoit and Friderich? have found that 
the salts CNSNH,, HgCl, Nal, LiCl, CdI, conduct when dis- 
solved in acetone and that they have normal molecular weights 
in this solvent according to boiling-point determinations. Again 
ferric chloride in nitrobenzene conducts and the eryoscopic method 
vields molecular weights increasing with the dilution, all of them 
being above the theoretical value.t| A. Werner’ has found that 
the molecular weight of silver nitrate in pyridine is practically 
normal and experiments performed in this laboratory recently 
have practically confirmed his determinations ; nevertheless, Mr. 
Lincoln, who at my suggestion measured the conductivity of 
silver nitrate in pyridine solutions, found it to be from one-third 

' Compare Kahlenberg and Lincoln, 1. ¢. ; also Dutoit and Friderich, 1. ¢ 

* Compare Kahlenberg and Lincoln, 

Chem. 28, 619 ( 1899). 
rh. Gs 
* Kahlenberg and Lincoln. 1. c. 
’ Zeit. anorg. Chem. 15, 1 (1897). 


.¢.; also Hans Euler. Zeit. phys 
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to one-fourth that of the corresponding aqueous solutions. As 
the latter conduct well (the dissociation in 7/10 solution of sil- 
ver nitrate in water is about 80 percent) the dissociation of the 
silver nitrate in pyridine ought certainly to be capable of meas- 
urement by means of the boiling-point method; the relatively 
high boiling-point constant (30.07) of pyridine too lends empha- 
sis to the latter statement. We have in a solution of silver nitrate 
in pyridine a fairly good conductor of electricity with a molec- 
ular weight so nearly normal that the conductivity cannot be 
accounted for by means of the dissociation hypothesis."| Werner? 
has also found the molecular weight of silver nitrate in benzo- 
nitrile to be normal. While according to determinations made 
by Mr. Lincoln these solutions conduct only about one-fourth as 
well as do the pyridine solutions, yet, considering the high boil- 
ing-point constant of benzonitrile (36.55), it would seem that 
even here the boiling-point method ought to yield molecular 
weights that are less than normal. 

From the facts here presented it seems clear that solutions 
may conduct electricity fairly well and yet the dissolved sub- 
stance may possess a normal molecular weight, i. e. it may be 
undissociated. But this point once established, the question 
arises, cannot conduction then in all solutions be explained with- 
out assuming electrolytic dissociation? To be sure then the 
high osmotic pressure and the correspondingly low molecular 
weights found in so many cases, in aqueous solutions of electro- 
lytes for instance, would have to be accounted for otherwise than 
by the dissociation hypothesis. It is not my purpose to enter 
upon this matter in this connection. What has been said is 
sufficient to indicate that the data necessary to calculate the de- 
gree of dissociation of the salts in the non-aqueous solutions used 
in the above galvanic chains are not at hand, and that in cases 


: The high electrical conductivity of salts in liquid ammonia (Cady, 
Jour. Phys. Chem. 1, 712 (1897)), and the boiling-points of such solutions 
(Franklin and Kraus, Am. Chem. Jour. 20, 848 (1898), are of interest in this 
connection. 


2l.e. 
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where the electrical conductivity or the molecular weight or 
both are known it is still not possible to get at the extent of the 
dissociation. Indeed as has been stated, the behavior of some 
of the solutions is such that it seems clear that while they do 
conduct, yet the dissolved salt is undissociated and hence it seems 
like hunting the will-o-the-wisp to seek to ascertain the degree 
of dissociation in such cases. 

It appears then from what has been said that the / of the 
above formula is not obtainable and consequently the solution 
tensions of the metals toward the various solvents cannot be cal- 
culated. There is apparently one exception to this which has 
been alluded to in a foot-note above. Silver nitrate when dis- 
solved in acetonitrile conducts well, in fact better’ than when 
dissolved in water. Dutoit and Friderich’ place yw, for silver 
nitrate in acetonitrile equal to 160; though why they choose 
this figure is not quite evident, since their results show that the 
conductivity increases regularly with the dilution, the last four 
determinations indicating no tendency toward a maximum. But 
if 160 be taken as the value of w,, the degree of dissociation in 
a #10 solution is about 36.7 percent. The fof the above for- 
mula then becomes 0.367 of the osmotic pressure of one gram- 
ion contained in ten liters. At 20° C the osmotic pressure of 
one graim-ion in ten liters is 2480.2 grams or 1.9513 atmospheres 
per sq. cm. Substituting in the formula then we have, 


P 


0.862° — 0.0581 log — . 
1.9513 * 0.367 





whence P = 1.04 * 107'S atmospheres. If a similar calculation 
is made for the aqueous solution, assuming the degree of disso- 
ciation in 7 10 solution to be 82.1 percent, we have, 


P 


1.018* — 0.0581 log — , 
9513 * 0.521 


' At higher dilutions. 

cs. ¢ 

* Taken from measurement No. 21, above. 
* Taken from No. 1, above. 
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whence P = 4.82 x 1o~'* atmospheres. Thus it appears that the 
solution tension of silver toward acetonitrile is greater than to- 
ward water. This harmonizes with the fact that in dilute solu- 
tions silver nitrate conducts better in acetonitrile than in water, 
though this difference may, at least in part, be due to the fact 
that water is more viscous than acetonitrile. The dielectric 
constant of acetonitrile has not been determined, to my knowl- 
edge, so that a comparison of the solution tensions toward the 
two solvents with the dielectric constants of the latter cannot be 
made. 

If it be assumed that silver nitrate in pyridine is dissociated 
to one-fourth the extent that it is in water (an assumption that 
is open to strong objections) because in the former solutions its 
conductivity is about one-fourth that in the latter, we have the 
following upon substituting the proper values in the formula, 

P 
0.573' = 0.0581 log — 

9513 * 0.205 
whence P = 3.4 « 107". This would mean that silver has a 
greater tendency to pass into the ionic condition in pyridine than 
in water, which would not be in harmony with the fact that the 
pyridine solutions do not conduct as well as the aqueous solu- 
tions. Again, although the dielectric constant of pyridine has 
apparently not been determined, it will, judging from analogy, 
very likely be found to be much lower than that of water. 

Further attempts to calculate solution tensions will not be 
made, seeing that the requisite values of / are not available. It 
may be well, however, to call attention to one or two further 
cases in a general way. The difference of potential between — 
for instance — zine and a solution of zine chloride into which it 
dips varies from ~~ 0.522 volt, when the solvent is water, to 

0.066 volt, when the solvent is quinoline. From this it is 
evident that the solution tension of the metal must diminish very 
greatly in the case mentioned. Silver behaves in the opposite 
way toward these solvents, its contact-potential toward the aque- 


' Taken from No. 26. 
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ous solution being — 1.018 volt and toward the quinoline solu- 
tion —o0.617 volt. This would seemingly indicate that the 
solution tension of silver is greater toward quinoline than toward 
water. 

The stupendous values that are found for the solution ten- 
sions of the metals toward water according to the formula given 
above are well known. The remarks recently made by R. A. 
Lehfeldt' concerning the extravagant figures deduced from 
measurements of E. M. F. appear to the author very timely 
indeed. 

In order to ascertain how the E. M. F. of the chain, Ag| 7/10 
AgNO, in Pyridine| 7 1oAgNO, in Water|Ag varies, when in 
the first solution, water plus pyridine in various proportions is 
used as solvent instead of pure pyridine, the following determi- 
nations were mace. The chain was the same as just given, both 
solutions remaining 7 1othroughout. Thesolvent in the first solu- 
tion was changed as indicated in the first column of the follow- 
ing table, while the second column gives the total E. M. F. The 
silver in the aqueous solution was the positive pole of the com- 
binations throughout. The concentrations are given in parts of 
water by volume to one part of pyridine. 


Cone. E. M. F. Cone. E. M. F. 
water in volts water in volts 
Oo 0.422 32 0.148 
x 0.376 64 0.055 
I 0.339 127 0.022 
3 0.300 255 0.013 
7 0.259 511 0.011 
15 0.210 


From the table it appears that silver dipping into a silver 
nitrate solution in pyridine gradually becomes more positive to- 
ward the solution as the pyridine is replaced by water; but the 
potential changes less rapidly than proportional to the amount 
of water substituted. 

If in the chain Ag |x 10AgNO, in Pyridine | 10oAgNO. in 


' Zeit. phys. Chem. 26, 94 (1895S). 
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Water |Ag the concentration of the Ag ions in the pyridine solu- 
tion be calculated according to the formula 


rn -'@ 
1 


te log ; 
en, C, 
on the assumption that the solution tension of silver is the same 
toward pyridine as toward water, the result is that there are prac- 
tically no silver ions in the pyridine solution, and that conse- 
quently the silver must be present in form of a complex ion. 
The fact that when ferric chloride and silver nitrate are brought 
together in pyridine solutions no precipitation results would 
seem to argue in favor of this view. But since silver chloride 
dissolves in pyridine and conducts, it may also be argued that 
silver ions and chlorine ions can exist side by side in pyridine 
(in a solvent be it remembered, that very likely has a lower 
dielectric constant than water) and that for this reason no pre- 
cipitation occurs. It will not be contended that because aque- 
ous solutions of ferric chloride and, for instance, copper nitrate 
do not give a precipitate of copper chloride no chlorine ions or 
copper ions are present and no copper chloride is formed. The 
explanation is simply that all the products formed are soluble. 
There is no reason to suppose that in a silver nitrate solution in 
pyridine the silver is present in form of a complex ion. The 
facts are, the molecular weight of the salt in pyridine is normal 
and the compounds that pyridine forms with silver nitrate are 
(C_H.N),.AgNO, and (C,H.N).AgNO..* The latter compounds 
may be regarded as silver nitrate with two and three molecules 
of pyridine of crystallization just as truly as the compound 
Cu(NO.),.3H,O is regarded as copper nitrate with three mole- 
cules of water of crystallization. No one maintains that when 
the latter compound is dissolved in water, copper is present in 
form of complex ions and there is no more reason for assuming 
that silver is present in form of complex ions in a pyridine solu- 
tion of silver nitrate. 





' Compare LeBlanc, Elektrochemie, 126. 
* Compare Calm-Buchka. Chemie des Pyridins, 59. 
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The inference then is that the relatively higher E. M. F. of 
the chain last mentioned is due mainly to the high solution ten- 
sion of the metal toward pyridine. But if this view be taken then 
in connection with the results of the last table, the conclusion 
follows that the solution tension of silver toward water increases 
as pyridine is added to the latter. If this in turn be admitted 
then it may be asked —why cannot the solution tension toward 
water be changed by dissolving in the latter any substance, solid, 
liquid or gaseous. It is to be borne in mind that thus far the 
electrolytic solution tension of a metal has always been consid- 
ered constant (at a given temperature) toward aqueous solutions. 

If the theory of the electrolytic solution tension be held at 
all, there seems no escape from the conclusion that the solution 
tension varies for different solvents and mixtures of solvents; and 
hence the dissolved substances — other than the simple ions of 
the metal in question — may exert an influence in determining 
the difference of potential between the metal and the solution. 
If the solution tension changes not only with the solvent but also 
with the dissolved substances present, it is questionable, to say 
the least, whether the hypothesis of an electrolytic solution ten- 
sion is helpful at all. Certainly when the concentration of a 
certain kind of ion in a solution containing other substances 
also is to be found by the usual method of measurement of 
E. M. F. in the application of which the electrolytic solution 
tension is assumed to be constant, the fact that the latter assump- 
tion is a safe one to make must be proved in each case; how this 
can be done, is not easy to see. 

Laboratory of Physical Chemistry, University of Wisconsin, 
Madison, June 10, 1899. 
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Traité élémentaire de Mécanique chimique, fondée sur la Thermodynamique. 
By P. Duhem. Vol. TT. 380 pp. Vol. IV. 381 pp. 18X% 25 cm. Paris. 
A. Hermann, 1898-99. Price: paper, each, 12 francs. -- The appearance of the 
present fourth volume of Duhem’s 7ya7/é completes this monumental work on 
the theoretical aspect of physical chemistry. The first two volumes of the work 
have already been noticed in this journal (1, 426; 2, 128); we have now to an- 
nounce the appearance of the last two. 


The introductory Vol. I. was devoted to an exposition of the principles of 
thermodynamics, in which the classical reversible thermodynamics is sup- 
plemented by Duhem’s extension of the theory to what he terms ‘false equilibria.’ 
In the simple case of compression thermodynamics, to illustrate, the differential 
of the free energy W is 


dy pdv —ndt; 
whence —/ = 9 dv and 
oy o'y 


r= oO he 


But for paths of false equilibria Duhem assumes that a function w always ex- 
ists, as before, such that the energy is 


11. (1) 


oy 
-— : 
, or 
while (1) is replaced by 
o*y oy 
7, dv 4 it v, t, qv | , 
ap ve a S\ p) | dv| 


where /is a continuous function. 

Detailed applications of thermodynamic theory begin in Vol. II., which con- 
tains the treatment of equilibria in one-component systems, and the theory of 
dissociation. Vol. III. considers homogeneous mixtures, and solutions, — the 
theory of solutions, in short. In the concluding Vol. IV., matters of detail are 
brought to a close by a study of ‘double mixtures’. By double mixtures 
Duhem means two-component systems with two phases of variable composition. 
Under this head we find a formidable array of subjects: the theory of distilla- 
tion, critical states of mixtures, liquefaction of mixed gases, two liquid layers, 
mixed liquids and their vapors, isomorphous mixtures, and soon. The volume 
is concluded by an extensive theoretical study of the phase rule, a pleasing 
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feature of which is the author’s ample recognition of the bearing of variance 
upon the classification of chemical equilibria. It is unfortunate that the phase 
rule was not introduced earlier, and adopted as a guide in the classification of 
all the material in the work. A classification primarily according to the num- 
ber of components and secondarily according to variance would have furnished 
an ideal arrangement of the matters in hand. 

Duhem’s book is peculiarly interesting in that it is the first attempt that has 
yet been made to present the theory of physical chemistry in a comprehensive 
way. Its method throughout is that of the energy theory : a mathematical de- 
scription of the mutual transformations of work and the work-equivalents of the 
thermal and chemical effects that are producible by the expenditure of work. 
In its form and its matter it is the culmination of many years of special 
research. 

With the exception of the topics of reaction velocities and electrochemistry, 
every branch of mathematical chemistry has received full consideration in it. 
The result is by no means a mere compilation of the work that has been done in 
the subject. Everything that is presented has been arranged in a definite 
scheme, and developed, in a most independent manner, by means of two of the 
thermodynamic potential functions, the free energy and the thermodynamic 
potential — the functions 

€ ty 
€— tn — pr, 
in the notation of Gibbs. 

The author's erudition is remarkable ; and he has spared no pains to in- 
clude the latest results of research, as many passages of his text bear witness. 
His style is everywhere clear, but those of us who love compact expression will 
think it somewhat diffuse. This is one reason why the book extends over four- 
teen hundred large pages. But, notwithstanding this fact, these volumes are very 
interesting reading ; and for those who wish merely to gain a general view of 
their subject they will be far easier reading than would be the task of wading 
through the scattered and heterogeneous memoirs whose results they summarize 
from one same point of view. For the specialist, too, and as a reference 
manual for teachers, the work is a boon. No one, in fact, who is at all 
seriously interested in modern chemical theory can afford to be without it ; 
and it should most certainly be on the shelves of every college library. It is 
provided with an index of authors cited, and with a list of the chemical sub- 
stances whose thermodynamic behavior is discussed in the text. 


J. E. Trevor 





7 Geschichte der physikalischen Experimentierkunst. By EF. Gerland and 
F. Traumiller. 16X23 cm; pp. xvi and y42.- Leipzig: Wilhelm Engel- 
mann, 1899. Price: paper, 14 marks ; bound, 17 marks. —The title of this 


book is somewhat too narrow. It is impossible in any real science to effect a 
complete separation of theory and practice, even when the science is in an ad- 
vanced stage of development, and historically the two inevitably grow together, 
each depending on the other. The authors have therefore given a fuller 
account of the growth of physical theories than is implied by their title, and 
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the book is a much more interesting one than it would have been if the 
authors had limited themselves as strictly as their title indicates. 

The work is divided into three parts: Part I., Antiquity (pp. 4-60), is de- 
voted to the Babylonians and Assyrians, the Egyptians, and the Greeks and 
Romans. Part II., The Middle Ages ( pp. 60-112), contains an account of the 
physical knowledge of the Byzantine Greeks, the Arabs and the West down to 
about the end of the sixteenth century. Part III., Modern Times ( pp. 113-427), 
starts with Galileo and ends with the invention of the Morse telegraph and the 
Daniell cell. The plan of the work is thus seen to be quite comprehensive, and 
it should prove useful to teachers who believe in the advantages of the histori- 
cal method, but who have not themseives the time or the opportunity to do all 
the necessary historical reading in the original works. The general reader in 
physics will also find the book interesting and the style as lively as can be 
expected. 

The most important feature — aside from the copious references to the 
original sources which the authors have ransacked — consists in the very large 
collection of figures, which are, as far as possible, facsimile reproductions of the 
originals. it is curious to note the general and characteristic change in the 
forms of apparatus which came with the beginning of thiscentury. The change 
is typical of the decay of prejudice in favor of the established order of things 
and of the awakening of the general common-sense, a change of which the 
French Revolution and the First Empire were the outward political signs. In 
the earlier times we find the apparatus and machines often more decorative than 
practical, and the figures and illustrations more artistic in composition and 
execution than clear and instructive. The demon of utilitarianism had not yet 
pointed out the folly of making life beautiful. In those earlier times scientific 
men were few : they belonged to the cream of a society where intellect and 
cultivation had not yet been separated, — Lionardo da Vinci was only the 
greatest of aclass. But those golden days are gone. The real scientific men 
are almost as few as then, but there is a host of helpers each adding his mite to 
our sum of practical knowledge. This army of scientific laborers has grown to 
gigantic proportions, and though we are not Lionardos and have little time for 
anything that lies outside the range of our Ph.D.-examination or the particular 
subject we are hired to teach, we ought to be economical since we cannot be 
artistic. Our instruments nowadays are marvels of simplicity and neatness 
compared with the artistically cumbersome machines of a couple of centuries 
ago: but we have as yet gone only half way, and we have lost the beauty with- 
out carrying utility and economy to the bitter end. A vast majority of our sci- 
entific instruments are designed not only dy but for the instrument maker, and 
there is a shocking lack of economy shown in the perpetuation of costly and 
antiquated details and in the irreproachable finish of surfaces and angles which 
double the price of our instruments without adding in the slightest degree to 
their accuracy or convenience. If instrument makers would profit by the ex- 
ample of American makers of machine tools, and would compare American 
tools with European, they would see that they are still in the antiquated 
European stage of development. And if physicists and all who have need of 
physical instruments would insist on proper design, the cost of fitting out a phy- 
sical laboratory might be very greatly reduced. 
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To return to the volume before us: It is well printed and the figures are 
admirable ; and, excepting a Teutonic dearth of margin, it is in all respects 
attractive in appearance. It is supplied with a table of contents and with 
author and subject indices, beside a list of the four hundred and twenty-four 
figures with the sources from which they have been taken. 

The reviewer takes pleasure in recommending the work of Drs. Gerland and 
Traumiiller to all who are interested in physics, and feels confident that they 
will find it both instructive and entertaining. Edgar Buckingham 


Jahrbuch der Elektrochemie. HW’. Nernst and W. Borchers. Vol. IV. 
16X24 0m; pp. viit and git. Halle: W. Knapp, 1898.— As compared 
with preceding years scientific electrochemistry would appear to be developing 
faster than applied electrochemistry, one hundred and forty pages being 
allotted to the former and two hundred and forty to the latter as against 
seventy-two and two hundred and sixty in the preceding year. The 
review of the scientific development of the subject is almost exclusively the 
work of Danneel ; Kuster writing merely the chapter on electrochemical analy- 
sis. The technical development is outlined by Borchers, there being in addi- 
tion a chapter on sources of current and one on organic synthesis, both by Elbs. 

Wilder D. Bancroft ' 


Anwendungen der Infinitesimalrechnung. Ay drwed Fuhrmann. Theil J. 
Naturwissenschaftliche Anwendungen der Differentialrechnung. 14 .X% 23 
cm; pp. wii and «48. Theil 11. Naturwissenschaftliche Anwendungen der 
Integralrechnung. 14 X% 23cm; pp. xiand 268. Berlin: Ernst & Korn.— 
The recent appearance of one of the six parts of Fuhrmann’s ‘ Applications of 
the Infinitesimal Calculus’ gives occasion to advert to the first two parts, * Ap- 
plications of the Differential Calculus’, and ‘Applications of the Integral Cal- 
culus’, which of the entire series have the most interest for the physical chem- 
ist. Especial attention has been given in these volumes to the employment of 
the calculus in physicochemical problems; for which reason they can afford 
much help to the student who finds his reading hampered by a too meagre 
acquaintance with the customary mathematical methods J. £. Trevor 


Mathematical Essays and Recreations. Ay //ermann Schubert. Trans- 
lated, from the German, by Thomas J. McCormack. 16 X 24 cm; 149 pp. 
Chicago: The Open Court Publishing Co., 1898. Price: cloth 75 cents ; 
paper 25 cents, — The six mathematical essays assembled in the present volume 
treat in popular style a number of interesting mathematical topics. Number is 
regarded as the result of counting. It is shown that the different kinds of num- 
bers, negative, fractional, irrational, imaginary, and complex numbers, are all 
obtained naturally and in order through application of the same simple princi- 
3 ple, that all results of arithmetical operations are to be treated in the same way. 
This application of ‘‘ monism’’ has made arithmetic a consistent system of 
logical forms. One of the essays elucidates the conservative and selfcontained 
character of mathematical knowledge. Another outlines the methods of forma- 
tion of those wonderful arrangements of numbers, the magic squares. Another, 
on the fourth dimension, explains that 2-dimensional totalities are those that re- 
quire the specification of # numbers to indicate definitely any of their individuals. 
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Here is appended a vigorous refutation of the arguments for assuming an 
unseen world in a fourth dimension. Finally, and perhaps most interesting 
of all, is a delightfully written history of the squaring of the circle, from the 
earliest times down tothe demonstration by Lindemann of the impossibility of 
the construction. Every essay in the collection is clear sound, instructive, and 
entertaining. J. E. Trevor 

Introduction to Algebra. Ay G. Chrystal. 12X18 cm; pp. xviti and 
yi2. New York: The Macmillan Co. (London: Adam and Charles 
Black), 1898. Price: cloth $7.25. — Instead of beginning in the time-honored 
way, Professor Chrystal devotes the first fifty pages to the statement and eluci- 
dation of the fundamental laws of algebra. The application of these laws in 
simplifying algebraic expressions is then given, and the graphical representation 
of functions of a single variable is introduced. After which, equations of the 
first degree in one or more variables are carefully discussed, special attention be- 
ing paid to the processes of derivation by means of which a given equation or 
set of equations may be replaced by an equivalent equation or set of equations. 
These first hundred and twenty pages from an excellent elementary algebra ; 
the learner is not forced to wade through the uninteresting processes of division 
and of factorization, or the methods for determining the greatest common 
measure and the least common multiple, before getting to the really interesting 
and useful question of the solution of linear equations. 

The remaining two-thirds of the book contain a thorough discussion of the 
properties of rational functions, and the usual discussions of irrationals, of ratio 
and proportion, of the progressions, of quadratic equations, and of permutatioz:s 
and combinations. The last chapter, of fifty pages, is a delightfully simple and 
clear graphical discussion of rational functions. 

Not the least interesting feature of the book is the emphasis that the 
author lays upon the advantages of head work over finger work. For example 
(p. 362): ** But we repeat our warning that, important as is dexterity of the 
fingers, he who cultivates this at the expense of accurate thought may become 
a successful worker of certain kinds of superficial examination problems, but a 
mathematician, or a successful applier of mathematics to things practical, 
never!" ‘aul Saurel 

Scientia. /:aposé et Développement des questions scientifiques a lordre 
du jour. Recueil publié | pour la partie physico-mathematique ) sous la direc- 
tion de MM. Appell, Cornu, d’Arsonval, Friedel, Lippmann, Moissan, 

oincairé, et Potier, Membres dl’ Institut. Paris : Georges Carré et C. Naud. 
1899. Price of each number, 2 francs. Subscription toa series of stx num- 
bers, 10 francs. — Under the general title Scientia, the well-known publishing 
house of Carré and Naud has begun the issue of a series of short monographs 
on subjects of particular current scientific interest. These essays are primarily 
intended to aid the specialist in the task of keeping in touch with the newer 
developments of science that bear more or less directly upon his own special 
interests. Two series are under way, one for the mathematico-physical sciences, 


the other for the biological sciences. The names of the eminent men who are 
responsible for the conduction of the former of the two is a guarantee that its 
excellence will be what it should be. 
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The first number to appear is a volume on La Théorie de Maxwell et les 
Oscillations Hertziennes, by the famous analyst and physicist, H. Poincaré. 
This is an admirably arranged and most delightful little book of eighty pages 
(13X 20cm.). It will be of interest to everyone wh» is interested in the more 
impressive features of the progress of modern physics. 

Further volumes in preparation are to treat Zeeman’s phenomenon, stereo- 
chemistry, rare earths, the new gases, cathode rays, and soon. Messrs Carré 
and Naud have here undertaken an interesting and very useful enterprise. 

J. E. Trevor 

Neue gasometrische Methoden und Apparate. Ay Otto Bleier. 16 X% 24 
cm; pp. x aud 231. Vienna: Spielhagen & Schurich, 1898.— Under this 
title the author presents in a clear and attractive manner his many modifications 
of well-known apparatus, together with a few forms distinctly his own. Most 
chemists are, doubtless, already familiar with the apparatus and methods now 
described, through the author's papers in the Berichte der deutschen Gesell- 
schaft. 

The volume is divided into five parts: The Measurement of Gases; II. 
Volumetric Gas Analysis; III. Gravimetric Gas Analysis; IV. Determination 
of Vapor-Tension ; V. Calibration of Vessels, etc. 

In each part the author devotes almost his entire attention to discussing the 
application of his own peculiar forms of apparatus to the various problems 
which arise in the measurement and analysis of gases, so that in reality the book 
has not the comprehensive character the part headings would lead one to ex- 
pect. The work is not intended as a manual of gas analysis. 

The chief value of the volume lies in its usefulness in suggesting to investi- 
gators various convenient forms of apparatus for special or unusual conditions, 
rather than asareference book forthe gas analyst. Any discussion of the appara- 
tus or methods described is impossible without the accompanying figures. The 
interested reader is, therefore, referred to the volume itself or to the original 
papers in the Berichte. 

The illustrations accompanying the text are clear, neat, and well printed, 
though sufficient care was not exercised in a few cases to maintain relative pro- 
portions of the different parts. The general make-up of the book is excellent, 
the typography is admirable, the text is quite free from errors, and, with its 
wide margins and heavy paper, the volume attracts one at once. 

Up to the present time Bleier’s work is the only one which has devoted so 
much space to the consideration of exact gas measurement, and which has 
attempted to bring together so many different forms of modern gas analytical 
apparatus. Had the author been satisfied with this, and with an explanation of 
the special value of each form, he would have filled a long-felt want. It is 
greatly to be regretted that he has, instead, devoted so much space to showing 
in how many different ways the older forms of apparatus can be modified. 
Thus, while one cannot fail to be struck with his ingenuity in devising all sorts 
of changes, one is apt to question whether genuine improvements have been the 
result. The volume is, however, replete with suggestions, and therefore a 
welcome addition to the reference shelf of the library. E. M. Chamot 
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REVIEWS 


The object of this department of the Journal is to issue, as promptly as possible, 
critical digests of all Journal articles that bear upon any phase of Physical Chemistry 


General 


The atomic weight of tellurium. &. Wefzner. Comptes rendus, 126, 17/6 
(7898). — The author has determined the amount of tellurium in tellurium sul- 
fate and in tellurous acid. The final value is 127.9. W.D.B. 


On the atomic weight of tellurium and its bearing on the multiple proportions 
of the atomic weights of the otherelements. HY. Wilde. Comptes rendus, 127, 
613 (1898). — The value of 127.9 for tellurium obtained by Metzner (preceding 
review) approaches very closely the value of 128 adopted by Dumas for 
theoretical reasons, The author reasserts his belief that the law of the triads is 
more exact then the experimental data. W.D. B. 


On the positions of tellurium and iodin in the periodic system of the 
elements. //. Wilde. Comptes rendus, 127, 6/6 (7898).—Tellurium and 
iodin do not fit into the periodic system and it is claimed that the positions of 
boron, gold, mercury, lead and other elements are anomalous. The author makes 
the point that Mendeleef’s famous predictions were really based on Dumas’s 
classification by families and not on the periodic system at all. W.D.B. 


On the atomic weight of nitrogen. .W/. I @zes. Comptes rendus, 126, 17/4 
(7898). — From a study of the physical properties of nitrogen, Leduc and D. 
Berthelot each decided that the atomic weight of nitrogen should be 14.005. 
Stas found 14.044 by chemical methods and this discrepancy was attributed by 
Leduc and D. Berthelot to the fact that the value of Stas for silver was not right 
owing to occluded oxygen. It is pointed by the author that Stas made one 
series of measurements to determine the amount of this error and that his cor- 
rected value for nitrogen was still 14.040. W. D. B. 


On the molecular weights of easily liquefiable gases. 1). Berthelot. Comptes 
rendus, 126, 14/5, 1501 (/898). — Taking the densities and the variations from 
the ‘vas law as a basis (3, 174) the author calculates the atomic weights of car- 
bon, nitrogen, chlorin, and sulfur from the data for carbonic acid, acetylene, 
N,O, hydrochloric acid, and sulfur dioxid. The values decided upon are O 16, 
H 1.0074, C 12.005, 14.005, S 32.046, Cl 35.479, and argon 39.882. The value for 
argon is obtained from the density and the critical data. W.D. B. 
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New gases in the atmospheric air. IV. Ramsay and M. W. Travers. 
Comptes rendus, 126, 1610, 1761 (1898). — Reviewed (3, 174) from Zeit. phys. 
Chem. 27, 564 (1898). 


i Spectrum investigations of atmospheric air. 7. Woissan and H. Deslan- 
dres. Comptes rendus, 126, 1689 (7898). — This is a sealed paper deposited 

early in 1896 in which the authors record that a study of the spectrum of the 
| gas evolved from cerite points to the existence of hitherto unknown elements. 


The sealed paper was opened at this time owing to Ramsay’s discovery of 
krypton. W.D. B. 


On a new radio-active substance contained in pitchblende. /. Curie and S. 
Curie. Comptes rendus, 127, 175 (1898). — It had already been found by Mme. 
Curie (3, 190) that natural chalcolite was much more active in emitting 
Becquerel rays than the artificial mineral and the opinion was expressed that 
this discrepancy was probably due to the presence of an unknown element. 
Attempts have since been made to isolate this element from pitchblende. While 
this has not yet been accomplished the authors have obtained a substance 
which should be bismuth sulfid but which is about four hundred times as active 
as uranium. It seems probable therefore that the new element, to which the 
name of polonium is to be given, is akin to bismuth. W. D. B. 


On a new markedly radio-active substance in pitchblende. / Curie, S. 

Curie and G. Bémont. Comptes rendus, 127, 1215 (1898).—In addition to 

the bismuth sulfid which contained polonium, the authors have obtained a salt 

which is apparently barium chlorid but which is nine hundred times as active 

as uranium. The spectrum of this salt shows a line that has not yet been 

, attributed to any known element. This line becomes more intense as the radio- 
activity increases. It is proposed to call the newelement radium. W. D. &. 


New method of determining the mechanical equivalent of heat. /. 2. Baille 
and C. Féry. Comptes rendus, 126, 1494 (1898).— The authors measure the 
rise of temperature in a copper cylinder when the alternating current from a 
small dynamo is passed around it. This communication is merely a preliminary 
one and deals chiefly with the correction for loss of heat by radiation. 


W.D.B. 
Regnault’s calorie and our knowledge of the specific volumes of steam. CG. 
P. Starkweather. Am. Jour. Sct. (4) 7, 13 (1899).— This is a careful digest 


of the work that has been done on the specific and latent heat of water with 
application to the determination of the specific volumes of steam. The author 
discusses what he terms Regnault’s calorie and endeavors to show that the 
statement made by Regnault, some twenty years after his experiments, that his 
determinations were in terms with the air thermometer, are justified by the 
y results themselves. A summary of the results of the mean specific heat between 

o°-100° for different observers show that the variations are about equal above 
and below Regnault’s. Taking Co.0o as equal to 1.00358C (Regnault’s value 
then the more reliable determinations deviate from this 


Rowland (mixtures) - - - - ©,0005 
Ludin " - - - - 0.0018 
Dieterici (Mech. Equiv. ) - - - 0.0044 


Reynolds ss - - - . —0,.0050 
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The larger part of the paper is devoted to a discussion of the total heat of steam 
and a complete study of Regnault’s results. It all points to a very strong sub- 
stantiation of Regnault’s work within certain limits included in the saturation 
line, but shows that for superheated steam all previous results are much too dis- 
crepant to be utilized. me. 2.3. 


On the avoidance of the error in the Andrews method of estimating the 
specific heat of aliquid. ZL. Pfaundler. Wied. Ann. 67, 439 (1899). —Aswas 
to be expected the author, who has done so much towards perfecting the 
Andrews method of measuring specific heats, shows in the present paper that, 
by a proper construction of the apparatus and by rational experimental precau- 
tions, the error pointed out by Gumlich and Wiebe (3, 170) may be very simply 


avoided. | i pee 


On an apparatus for measuring very high pressures. A. deF. Palmer, /r. 
Am. Jour. Sci. (4) 6, 451 (7898). — From results obtained for the change of the 
electrical resistance of mercury with pressure the author makes use of his 
formula deduced in order to extrapolate in finding higher pressures, and designs 
an apparatus for testing the limit of pressure obtained with a tinned screw. A 
Bessemer steel screw broke at 3554 atmospheres, while a carefully annealed 
stubb steel screw began to twist at 3600 atm. and broke at 4385. The author 
gives a plot showing how the volume change of the substance under compres- 
sion changes with the turns of the screw. a es 


On an improvement to a standard barometer. /. R. Koch. Wied. Ann. 
67, 485 (7899). — In 1895 the author described a new form of barometer that he 
had designed with a view to its being adopted in place of the so-called standard 
barometers. Amongst the new features was the filling of the barometer tube by 
distillation during the time it was being exhausted by a mercury pump, the in- 
troduction of a pair of thermometers in the mercury column itself and the use 
of an attached Geissler tube to determine the state of the vacuum over the mer- 
cury column. Between the barometer with its attached tubes, and the mercury 
pump was placed a large mercury trap. The improvement now brought out is 
the introduction, in place of the mercury trap, of a Sprengel pump to be a part 
of the complete apparatus. i. 7; #. 


On a new form of volumenometer. 4. Oberbeck. Wied. Ann. 67, 209 
(1899). — The author modifies Paalzow’s apparatus for estimating the specific 
gravity of solids. His method is a difference one and as such is independent of 
the barometer. Two bulbs, in one of which is placed the substance whose 
specific gravity is to be determined are connected to two’ narrow-bore tubes 
meeting in a Y and connecting with a mercury reservoir. On opening the 
bulbs, the mercury is allowed to run up the glass tubes to a fixed mark. The 
bulbs are then closed and the mercury reservoir lowered. The readings of the 
mercury threads with the two bulbs empty and when the solid is placed in one 
of them give the volume of the solid from the diminution in pressure. 


H. T. B. 
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One-Component Systems 


Reply to a claim of priority by M. Marqfoy. 1. Berthelot. Comptes 
rendus, 126, 1262 (1898). — The point made is that it is merely a definition to 
state that ‘‘the molecular weight of a gas is proportional to the product of its 
density into its molecular volume’. W. D. B. 


Melting-points of some substances under high pressures. £. Mack. 
Comptes rendus, 127, 361 (1898).— Measurements have been made with 
naphthalene, napthylamin, diphenylamin and /-toluidin. No sign of a maxi- 
mum freezing-point could be detected. The freezing-point of naphthalene was 
raised to 150.6° by a pressure of 2140 atm. W. D. B. 


On the boiling-point of liquid ozone. ZL. 7yroost. Comptes rendus, 126, 
1731 (1898). —The ozone was formed at —79° and then liquefied. It boiled 
under atmospheric pressure at —119°. The value obtained by Olszewski was 

106°" W.D. B. 


On the liquefaction of hydrogen and helium. /. Dewar. Comptes rendus, 
126, 7408 (7898). — Reviewed (2, 505) from Jour. Chem. Soc. 73, 528 (1898). 


Preparation of crystallized calcium. //. Moissan. Comptes rendus, 126, 
1753 (1898). — The previous methods for obtaining calcium are reviewed briefly. 
Pure calcium may be obtained crystalline by crystallization from liquid sodium 
at red heat or by electrolysis of fused calcium iodid. In the first method 
calcium iodid is added to an excess of liquid sodium; after cooling, the sodium 
is removed with alcohol. About forty grams of pure calcium have been obtained 
in one operation by this method. W.D. B. 


Properties of calcium. 7. Moissan. Comptes rendus, 127, 584 (1898).— 
Pure calcium scratches lead, but not calcium carbonate ; it melts at 760° and its 
density is 1.85; in color it resembles silver. It is not attacked by chlorin, 
bromin or iodin in the cold. It starts to burn in oxygen at 300° and the heat 
evolved is so great as to volatilize some of the lime formed. When heated in 
the air the metal takes up oxygen and nitrogen. Calcium combines readily 
with phosphorus and with lamp-black, not so readily with sulfur. It forms 
crystalline alloys with magnesium, zinc, tin and mercury but not with sodium 
and potassium. W. D. B. 


The color of calcium carbid. //. Moissan. Comptes rendus, 127, 917 
(7898 ). — Pure calcium carbid is colorless and transparent. W. D. B. 


The properties of aluminum. A. Ditte. Comptes rendus, 127, 919 (1898). 
— Aluminum is not attacked after the first few minutes by any dilute acid except 
hydrochloric acid owing, as the author says, to the formation of a thin film of 
hydrogen on the surface. It is not attacked permanently by sodium chlorid 
owing to the formation of alumina. The metal is attacked by a mixture of 
sodium chlorid and acetic acid. W. D. B. 


On the specific heat of air at constant pressure. 4. Leduc. Comptes 
rendus, 126, 860 (78g8).— It is claimed that Regnault’s own experiments show 
the specific heat of air at constant pressure to be 0.239 and not 0.2375. 


W. D. B. 
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On the ratio of the two specific heats of gases and its variation with the 
temperature. A. Leduc. Comptes rendus, 127, 659 (1898).— For air the 
ratio of the specific heats apparently does not vary between zero and one hun- 
dred degrees. With carbonic acid the ratio decreases with rising temperature. 
Taking this into account the author proposes to show that the ratio at o° for a 
perfect diatomic gas is 1.4; for a perfect triatomic gas 1.267. Following out 
the line of reasoning, the author concludes that the value 1.66 might be obtained 
with a diatomic gas as far removed from the state of an ideal gas asis sulfur 
dioxid at 10° under the atmospheric pressure. W. D. B. 


On the ratio of the two specific heats of gases. /. Boltzmann. Comptes 
rendus, 127, 1009 (1898). -— While admitting the possibility of Leduc’s hypoth- 
esis (preceding review) that mercury vapor may not be monatomic even 
though the ratio of the specific heats is 1.66, the author inclines to the belief 
that this agreement between the theoretical value for a monatomic gas and that 
obtained experimentally by Kundt and Warburg is not a mere coincidence. 

W. D. B. 
Two-Component Systems 


The accurate determinations of freezing-points and some applications to 
aqueous solutions. /. J/. Raoult. Zeit. phys. Chem. 27, 617 (1898).— The 
most serious source of error in the thermometer is the displacement of the zero, 
a change which is, of course, accelerated by jarring. The author keeps his 
thermometer always vertical and surrounds it with melting ice when not in use. 
With a thermometer having five centimeters to the degree a change of one 
millimeter in the barometric pressure means a difference of 0.0002° in the read- 
ing. The thermometer should always be read with a telescope. The author 
keeps the temperature of the freezing bath constant by passing a regulated cur- 
rent of air through the ether with which the bath is filled. About one liter of 
ether is used up every ten hours. The freezing-vessel itself is protected at the 
top by discs of cloth. The solution is stirred by a vertical screw run by a tur- 
bine. The outside bath is kept 0.1° below the freezing-point of the water or of 
the solution at the time that ice separates, but the water or the solution is super- 
cooled 0.5° before a crystal is added. It is important that the freezing-point 
of pure water should be determined before and after that of the solution 

The influence of the temperature of the bath is to be eliminated by making 
the convergence temperature coincide with the observed freezing-point. It was 
found in determining the convergence temperature that the difference between 
this and the temperature of the freezing-bath depends chiefly on the rate at 
which the stirrer revolves. If an ice mantle forms on the walls of the freezing- 
vessel the apparent freezing-point will be too high instead of too low. To 
eliminate the effect of supercooling, three observations are made with three dif- 
ferent amounts of supercooling and the value for zero supercooling obtained 
from these by extrapolation. 


Experiments with dissolved oxygen gave 22.1 for the molecular lowering of 
the freezing-point instead of the theoretical 18.5; but this discrepancy the 
author thinks is to be attributed to experimental error, since the maximum 
accuracy to be obtained in cryoscopic measurements is estimated to be + 0.0002°. 
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The following molecular lowerings were obtained in dilute solutions : sugar 18.7, 
alcohol 18.3, sodium chlorid 37.2, potassium chlorid 36.8. Alcohol seems to 
show a slightly decreasing molecular lowering as the solution becomes very 
dilute. The author’s data for the four substances agree well with those of 
Loomis, Nernst and Abegg, and Wildermann; but not with those of Ponsot. 
Reasons are given for believing that Ponsot’s measurements are not very accu- 
rate, the error being chiefly in the method of stirring. W. D. B. 


Cryoscopic investigations in the terpene series. Hi’. Piltz. Zeit. phys. 
Chem. 27, 529 (18g8).—Cryoscopic determinations of benzene solutions of 
fenchone, menthone, tanacetone, isothujone, pulegone, carvone, carvenone, 
dihydrocarvone, citronellal, citral, cineol, pinol, citronellyl alcohol, geraniol, 
menthol, dihydrocarveol, /-borneol, linalool, terpineol, carvacrol, thymol, 
isoborneol, fenchy] alcohol; also the naphthalene solutions of cis-terpin and 
trans-terpin. The substances containing no hydroxyl group, such as fenchone, 
menthone, tanacetone, isothujone, pulegone, carvone, dihydrocarvone, citro- 
nellal and citral give apparent molecular weights varying but little with the 
concentration. Carvenone shows the same typical curve and is therefore a 
ketone. All the alcohols show increasing molecular weight with increasing 
concentration, the variation being most marked with the primary alcohols and 
least so with the tertiary alcohols. Borneol and isoborneol give markedly dif- 
ferent curves, the first being that of a secondary alcohol, the second that of a 
tertiary alcohol. The author declines however to draw the conclusion that 
isoborneol is a tertiary alcohol. W. D. B. 


The ammoniacal silver bromids. . Jarry. Comptes rendus, 126, 1738 
(7898). — The author has determined the dissociation pressures at different tem- 
peratures of AgBr3NH, and of AgBr1.5NH,; also the solubility curve at 0° 
Addition of ammonia causes increased solubility of silver bromid while this salt 
or AgBr 1.5 NH, is solid phase. When AgBr3NH, is solid phase increasing 
concentration of ammonia means decreasing concentration of silver bromid. 

W.D. B. 

On the compounds of lithium chlorid with ammonia and with methylamin. 
J. Bonnefoi. Comptes rendus, 127, 367. 516 (1898).— Measurements of the 
dissociation pressures of the compounds LiCl4NH,, LiCl3NH,, LiCl2NH, and 
LiCINH, at different temperatures. From these data the author has calculated 
the heats of dissociation which agree satisfactorily with the values obtained by 
direct measurement. Corresponding data were obtained for lithium chlorid and 
methylamin except that the compound with four of methylamin could not be 
obtained. W. D. B. 


New compounds of phenylhydrazin with certain metallic salts. /astureau. 
Comptes rendus, 127, 485 (7898). — Bismuth chlorid and nitrate can each crys- 
tallize with six of phenylhydrazin ; manganese and zinc sulfites each with two 
of phenylhydrazin. W.D. B. 


Absorption of liquids by textile stuffs. 1. Vignon. Comptes rendus, 127, 
73 (7898). — It was found that the ratio of liquid absorbed to weight of sub- 
stance was constant to within one percent for each liquid and each textile stuff. 
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The order of absorption with all liquids is silk, wool, cotton, the cotton being 
the least absorbent. The amount of liquid absorbed varied with the nature of 
the liquid, the order being glycerol, olive oil, nitrobenzene, anilin, alcohol, ben- 
zene and water, this last being the leastabsorbed. The phenomenon is certainly 
connected with the extent of surface presented by the textile stuffs; but it is 
not possible to say whether this is the only factor or not. W. D. B. 


Preparation of lithium ammonium, calcium ammonium and the amids of 
lithium and calcium. H. Moissan. Comptes rendus, 127, 685 (1898).—The 
compound of lithium and ammonia has the formula LiNH,; that of calcium 
and ammonia the formula Ca(NH,),.. The author likes to consider these sub- 
stances as substituted ammonium compounds though he offers no satisfactory 
reason for this. The lithium and calcium compounds, besides losing ammonia, 
dissociate to a certain extent forming hydrogen and amid LiNH, or Ca( NH,),. 

W. D. B. 


On calcium amalgam. /. Ferée. Comptes rendus, 127, 618 (1898). — By 
distilling under 12 mm pressure about one kilogram of liquid calcium amalgam, 
the author obtained twelve grams of a solid amalgam having apparently the 
composition Ca,Hg,. There is however no evidence to prove that this substance 
is really acompound. On heating the amalgam in a current of nitrogen, the 
nitride Ca,N, was obtained. W. D. B. 


On the compressibility of air when considered as a mixture of gases. £. H. 
Amagat. Comptes rendus, 127, 88 (7898). —The author points out that from 
a study of his own experiments he had deduced, in 1880, the following conclu- 
sion : ‘‘ In the air the oxygen and nitrogen appear to be compressed separately 
as if they were alone under the total pressure of the mixture and not asif under 
the partial pressure which they exert in the mixture.’’ This is identical with 
the law recently enunciated by Leduc (3, 179). W. D. B. 

On mixtures of gases. /). Berthelot. Comptes rendus, 126, 1703 (1898). 
— The author proposes a formula of the van der Waals type for a mixture of 
two gases and shows how the constants A and B for the mixture can be calcu- 
lated from the corresponding constants for the single gases. W. D. B. 


On mixtures of gases. /. ). van der Waals. Comptes rendus, 126, 1856 
7898). — The author points out that he himself has applied his formula to 
mixtures of gases. He doubts however whether it is possible to calculate the 
constants of the equation from the constants of the single gases, as has been at- 
tempted by D. Berthelot (preceding review). W. D. B. 


On mixtures of gases. A. Leduc. Comptes rendus, 126, 1859 (1898).— 
The author claims that D. Berthelot (two reviews back) should take into 
account the atomicity and molecular mass of each gas as well as the critical 


data. W.D. B. 
The aqueous solutions of the soaps. 1. Aahlenberg and O. Schreiner. 
Zeit. phys. Chem. 27, 552 (7898). — It was found that concentrated soap solu- 


tions have no true boiling-point, the whole mass of the solutiou foaming up into 
soap-bubbles. For this reason molecular weight determinations cannot be 
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made in thisway. Some determinations made by the cryoscopic method with 
sodium oleate gave values corresponding to double the formula weight. 

The soaps are good conductors of electricity and therefore not to be classed 
as colloids. The conductivity determinations showed that there is a good deal 
of hydrolysis in soap solutions. W. D. B. 


The thermodynamic relations of hydrated glass. C. Barus. Aim. Jour. 
Sct. (4) 7) 1 (4899). — The author notes briefly further results obtained from a 
study of fusible water-glass. The reaction of hot water on glass at 200° shows 
at first volume-contraction and increase of compressibility, and then a second 
stage is manifest when the volume-contraction falls off to zero, and the com- 
pressibility, after passing through a maximum, diminishes rapidly. On cooling, 
bubbles appear in the clear water-glass showing that solidification takes place 
centrifugally. The glass is at first hard, but finally disintegrates and becomes 
a crumbling mass. From a thermodynamic point of view the author regards 
this as ‘‘a march through the critical region of certain phases of the water-glass 
examined "’. He considers two principal phases. Phase I, stable during the 
first part of the reaction, with dilute water-glass. Phase II, stable at the end of 
the reaction, with the concentrated water-glass and subsidence of volume-con- 
traction. At the middle of the reaction Phases I and II are stable in presence 
of each other. He considers that both stages correspond to steep isotherms. 


H.T. B. 


The compressibility of colloids, with application to the jelly theory of the 
ether. C. Barus. Am. Jour. Sci. (4) 6, 285 (1898).—The first part of the 
paper is devoted to a study of the compressibility of water, colloidal solutions 
of gelatine and albumen in water and in ethereal solutions of caoutchouc. The 
solution is drawn into a long fine-bore tube, about o.3 mm and held in the central 
part by two columns of mercury above and below. The pressure is applied through 
the lower column. The results show that the compressibility is essentially de- 
termined by the solvent for a wide range of concentration and through enor- 
mous variations of viscosity so long as the solution is liquid. The second part 
of the paper is a study of the coagulated liquid colloid, that is when it changes 
from a viscous liquid to a soft solid. Using the same tubes as in the former 
case, the author finds that when the pressure becomes great and is gradually 
increased the centre of the mercury column rises conoidal, becoming more and 
more sharply defined until a fine globule of mercury about 0.1 mm in diameter 
is projected upwards through the jelly-like mass of colloid. Sometimes a num- 
ber of these globules are shot up. The speed and character of the drops 
evidently depend on the nature of the surface. The author recognizes that there 
isa vast difference between the viscous liquid solution and the coagulated colloid. 
Two states are however manifest in the latter case which throw some light on 
the idea of a jelly-like ether: the condition of non-compressibility as a solid, 
and the effect produced by the projection of these fine globules of mercury 
through the mass when the pressure becomes great enough to produce axial 
rupture. This causes a break-down in the solid state in the path of the pro- 
jectile along which, before the solid has had time to heal, the pressure is trans- 
mitted hydrostatically. The idea of the phenomenon of spark discharge and 
movements in the ether generally are discussed at some length. Hi. T. B. 





J. Mohr. Zeit. phys. Chem. 27, 193 
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Poly-component Systems 


Equilibrium in the system: water, ammonium chlorid, ferric chlorid. £. C. 





aqueous solutions of ferric 
chlorid plus ammonium chlorid, crystals form that contain both these salts. 
These crystals had been investigated by Retgers, Schroeder van der Kolk and 
Roozeboom. As the first two investiators did not agree in their views as to 
the nature of these crystals the author investigated the equilibrium relations of 
the system at the suggestion of Roozeboom. Solubility determinations were 
made at 15°, 25°, 35°, and 45°. The solid phases that may exist in presence of 
the solution are hydrated ferric chlorid, the double salt of Fritsche (FeCl,. 
2NH,CI.H,O), mixed crystals of ammonium chlorid and ferric chlorid varying 
from 7 "/, to o ¥, in their content of the latter salt. Along the boundary curve 
with hydrated ferric chlorid and double salt as solid phases, the amount of am- 
monium chlorid contained in the solution does not vary with change of tem- 
perature ; the same is true of the ferric chlorid content of the solution along 
the boundary curve with double salt and mixed crystals as solid phases. This 
causes a probable intersection of these boundary curves at approximately — 15°, 
at which temperatnre the curve of the double salt would disappear. Two new 
double salts were found—FeCl,.NH,Cl and 2FeCl,.NH,C1.4H,O. The latter 
crystallizes in the regular system and was formerly regarded as a regular 
hydrate of ferric chlorid. This salt forms in solutions containing but small 
amounts of ammonium chlorid. The former double salt crystallizes in needles 
that are probably rhombic. No definite conclusions are reached concerning 
the nature of the mixed crystals. The author thinks they are mixtures of 
FeCl,.2NH,C1.H,O with NH,C1. £m. 


The states of equilibrium in the ternary system: lead, tin, bismuth. CG. 
Charpy. Comptes rendus, 126, 1569 (7S98).— The author has determined the 
freezing-points of mixtures of lead, tinand bismuth. The results are plotted in 
a triangular diagram and discussed from the point of view of the phase rule. 
The temperature of the quintuple point is 96°. W. D. B. 


The solubility of acids in solutions of the salts of other acids. 4. 4. 
Noyes and E. S. Chapin. Jour. Am. Chem. Soc. 20, 751; Zeit. phys. Chem. 
27, 442 (1898). — The solubility (at 25°) of benzoic acid is investigated in solu- 
tions of sodium acetate containing 0.01321, 0.02641, and 0.05282 g-mol,. per 
liter, also in sodium formate solutions containing 0.01414, 0.02828, and 0.05657 
g-mnol. per liter. The results are compared with those calculated according to 
a formula by Noyes (Zeit. phys. Chem. 27, 275). In the case of the acetate 
solutions the found values exceed the calculated by 0 82 ,, 1.19 \/, and 1.51 “, 
respectively ; in the case of the formate solutions the results deviate from the 
calculated by + 0.96'/,, + 0.77'/,, and — 0.50 '/, respectively. 

As but three experiments were made in each case in which the ranges of 
concentration are not great, and as the deviations increase regularly in the one, 
and decrease regularly in the other series, the results can hardly be considered 
a noteworthy confirmation of the theory of electrolytic dissociation and the law 
of the influence on solubility as the authors claim. b.&. 
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Action of hydrogen on silver sulfid and the reverse reaction. HV. /¢labon. 
Comptes rendus, 126, 1863 (7898).— Above 350° the same equilibrium is 
reached whether one starts from hydrogen and silver sulfid or from hydrogen 
sulfid and silver. With rising temperature the ratio of hydrogen to hydrogen 
sulfid at equilibrium increases. Between 250° and 350° different states of 
equilibrium are reached when starting from the two ends. Below 250° 
apparently no reaction takes place. W.D. B. 


Displacement of metals by hydrogen. A. Colson. Comptes rendus, 127, 
961 (7898).— Metallic silver is precipitated from Ag,PO, by dry hydrogen. 
Raising the temperature or increasing the pressure increases the reaction 
velocity. At low temperature the metallic silver is black; at higher tempera- 
ture white. W.D. B. 


On the zones of reactions. A. Colson. Comptes rendus, 126, 1505 (7898). 
— An application of the volume-temperature diagram to the case of dissociation. 
It is pointed out that the line for no decomposition and for complete decompo- 
sition may coalesce at some point just as the dew-line and the boiling-line are 
part of one and the same curve. W.D. B. 


The boiling-points of mixed solutions. I. 7. W. Richards and W. L 
Hlarrington. 1. C. M. C. Gordon, L. J. Henderson, and W. L. Harrington. 
Zeit. phys. Chem. 27, 421, 425 (1898).— One gram-molecule of cadmium 
oxalate in ten liters of water containing a slight excess of hydrochloric acid 
gives a depression of the boiling-point of o.101°. The explanation given is 
that cadmium chlorid and oxalic acid, two compounds that are but slightly dis- 
sociated especially in the presence of hydrochloric acid, are formed. On the 
assumption that these products are undissociated and that normal hydrochloric 
acid is 0.8 dissociated the calculated depression of the boiling-point is 0.083°. 
Taking the actually observed values of the boiling-points of solutions of oxalic 
acid, hydrochloric acid and cadmium chlorid, the calculated depression becomes 
0.093. The authors incline to ascribe the fact that the observed value is so 
high to the formation of molecular compounds. Similar results were obtained 
with cadmium citrate in hydrochloric acid solutions. The calculated depression 
of the boiling-point was 0.364° and the found 0.434° in this case. 

Calcium sulfate was dissolved in sodium chlorid solution and the depression 
of the boiling-point was noted. Cadmium chlorid and sodium sulfate form in 
the solution and these are less dissociated than the original salts. Even if 
cadmium chlorid and sodium sulfate are considered as undissociated, the cal- 
culated depressions 0.051 and 0.036 are considerably less than the observed 0.093 
and 0.060 respectively in the cases investigated. 

The authors very appropriately remark that the results obtained clearly 
present additional evidence that the degree of dissociation as determined by the 
conductivity method and as deduced from the law of mass action do not agree. 
They arrive at the conclusion that either the degree of dissociation of sodium 
chlorid as determined from the conductivity is wrong or polymerization or 
formation of a double salt occurs even when the amount of cadmium sulfate is 
very small. a # 








420 Reviews 


On the selenate of copper and its use in the preparation of selenic acid. 7’. 
Metzner. Comptes rendus, 127, 54 (1898).—Selenous acid is oxidized by 
chlorin and the solution neutralized with cupric oxid. Owing to the great 
solubility of cupric chlorid, practically the whole of the cupric selenate can be 
obtained pure before the two salts begin to separate simultaneonsly. The cop- 
per selenate is converted into selenic acid by electrolysis, care being taken to 
avoid reduction of the selenic acid. The solubility of copper selenate was 
determined at 15°, 35° and 55°. At about 70° a basic salt precipitates. 


W.D. B. 
On some halid salts of lead. I’. Thomas. Comptes rendus, 126, 1349 
| s8g8).— The author doubts the accuracy of Herty’s statement that lead chlorid 


and iodid form solid solutions. In this paper it is stated point-blank that 
PbCII is a definite compound ; but no adequate reasons are forthcoming. 
W. Dz. B. 
Action of acetylene on the metal ammoniums. H. Moissan. Comptes 
rendus,127,911 (7898). — Sodium, potassium, lithium and calcium ammoniums 
react with acetylene forming monosubstituted acetylids, ethylene and ammonia. 


W.D.B. 
Action of ammonium persulfate on the silver of a photographic negative. 
Lumicre Bros. and Seyewetz. Comptes rendus, 126, 1639 (1898).— Ammo- 


nium persulfate can be used for improving an over-dense negative because it 
has the curious property of dissolving silver from the thickest portions of the 
negative. The authors account for this by assuming two reactions, a formation 
of a silver ammonium sulfate by the action of the ammonium persulfate on 
metallic silver and a reduction of the silver salt to silver with evolution of oxy- 
gen by the ammonium persulfate. The first reaction takes place nearest the 
glass where the concentration of the ammonium persulfate is the lowest and the 
second at the surface of the negative. The explanation is not entirely satisfac- 
tory; but the process is said to be a good one. A five percent solution of am- 
monium persulfate is said to be the best to use. W.D. B. 


Action of ferric chlorid on aromatic compounds. |’. Zhomas. Comptes 
rendus, 126, 1211 (7898). — If boiling benzene be treated with ferric chlorid 
there are formed different chlorin substitution-products running up to hexa- 
chlorbenzene. The reaction appears to be general and tetrachlortoluene has 


been prepared in this way from toluene. W. D. B. 
Interchange of halogens in the aromatic series. I’. Thomas. Comptes 

rendus, 127, 184 (1898). — Ferric chlorid acts on p-dibrombenzene forming 

pentachlorbrombenzene. W. Dz. B. 


Volumetric analysis of a mixture of phosphoric acid and its esters. /. 
Cavalier. Comptes rendus, 126, 1142, 1214, 1285; 127, 60 (7898). —It has 
been known that phosphoric acid acted like a monobasic acid with methyl 
orange and like a dibasic acid with phenolphthalein. It has now been found 
that the mono-ester behaves in exactly the same way while the di-ester acts as a 
monobasic acid both with methyl orange and with phenolphthalein. On titra- 
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ting a mixture of these three acids with barium hydroxid using methyl orange 
as an indicator we find the total phosphates present. Continuing the titration 
with phenolphthalein as indicator we find the total amount of phosphoric acid 
and mono-ester. The insoluble salt BaHPO, is separated from the solution, dis- 
solved in a known amount of hydrochloric acid and the solution titrated with 
methyl orange as indicator. The author has also determined the heats of neu- 
tralization of the different acids. W.D. B. 


Volumetric analysis in alkaline solution witha ferrous salt. 4. /o0b. Comptes 
rendus, 127, 59 (1898).—Sodium pyrophosphate and a ferrous salt give a color- 
less solution eminently suitable for volumetric analysis. From qualitative ex- 
periments it appears that this solution is a more powerful reducing agent than 
stannous chlorid. W. D. B. 


Osmotic Pressure and Diffusion 


The relation between osmotic work and osmotic pressure. Arthur A. Noyes. 
Zeit. phys. Chem. 28, 220 (1899).— In a previous article, Ibid. 23, 60, the 
author made use of a circular process to determine the relation between osmotic 
pressure and work in a way somewhat different from that of other investigators. 
Dieterici wrote objecting to certain criticisms and Noyes avails himself of the 
opportunity to explain his position again. The gist of Noyes’ contention is that 
it is not correct to assume that a finite quantity of a solvent can be removed from 
a solution without altering the concentration of the latter. A process should be 
considered in which solvent is added at the same time and in the same measure 
in which it is removed. Results of this method of calculation differ from 
Dieterici’s by twe per cent or less for moderately dilute solutions. For more 
concentrated solutions the difference rises to 3.38 '. a fos 


The meaning of osmotic pressure in the thermodynamics of solution. .\. 
Schiller. Wied. Ann. 67, 291 (1899). —-This is a purely mathematical discus- 
sion of solution pressures and heats of dilution from the standpoint of thermo- 
dynamics. The treatment is clear though rather too extended, as such papers 
are aptto be. The author takes up first of all the question of the change in 
vapor-tension by pressure on the surface of separation. Kirchhoff's law for the 
heat of dilution of solutions is discussed and exception taken to the expression 
representing the disturbing action of concentration or dilution on account of the 
neglect of the specific volume of the added solvent in comparison to that of the 
vapor. The author proceeds to deduce what he terms a better expression for 
the heat of dilution and concludes by discussing at length the question of the 
heat of solution of absorbed gases. H.T. B. 


Experimental contribution to the theory of osmotic pressure. A’. Schreber. 
Zeit. phys. Chem. 28, 79 (1899).— The question treated is whether the kinetic 
theory of gases can be directly applied to solutions. A gas exerts a pressure 
according to the equation py — RT, and besides this it may exert a wind pres- 
sure, as for example the winds in the atmosphere. An electric stream passing 
through an electrolyte sets up winds of the ions. If a membrane permeable to 
the solvent and one ion is inserted in the solution, it will sustain a pressure in 
excess of the osmotic pressure analogous to that caused by a wind. Pfeffer cells 








422 Reviews 


were used and a copper ferrocyanid membrane. This is permeable to water and 
NO, ions but not to Cu ions. One electrode was within, the other without, the 
cell. Currents of different intensities were sent through and the excess pres- 
sures were compensated and measured by raising and lowering a levelling 
arrangement. It was found that with one and the same cell the wind pressures 
were proportional to the current, but with different cells no agreement could 
be obtained. Results which should have been the same, only that different 
cells were used, varied in some instances as 1:76. The author sees in this a 
proof that the kinetic theory of gases is not applicable to solutions. The 
formula by which the wind pressures of the ions should be calculable, provided 
the kinetic theory of gases can be applied to solutions, is developed at length. 
The results obtained are entirely different from those calculated. This is con- 
sidered as a further proof that the kinetic theory does not hold. It is stated 
that every possible source of error or difference in the construction of the cells 
and the membranes has been considered. It would have been interesting if this 
point had been discussed at greater length and it would at the same time have 
made the final conclusion more convincing. It is agreeable to find so explicitly 
stated what van ’t Hoff has said, that whether substances in solution conform 
to the kinetic theory or owe their properties to an attraction between the mole- 
cules of solvent and solute, or to anything else whatever, his laws of solutions 
hold good and are not affected in the least ; anymore than the gas laws would 
be disproved if future experience causes us to abandon the kinetic theory of 
gases. Ss, &.:#. 


On the osmosis of liquids through a rubber membrane. G. F/usin. Comptes 
rendus, 126, 1497 (7898).— The author was unsuccessful in his attempt to 
measure osmotic pressure with a rubber diaphragm, though we are not told what 
the difficulty was. He then measured the rate at which different substances 
diffuse through the rubber into ethyl alcohol and compared these rates with the 
solubility of the same substances in rubber. It was found that the two sets of 
observations did not run parallel and that the important factor is the rate of 
solution, not the total solubility. W. D. B. 


On the absorption of halid salts of potassium by plants. £. Demoussy. 
Comptes rendus, 127, 771 (7898). — Potassium chlorid and potassium bromid 
are absorbed very rapidly up to a certain point by colzas. These salts cannot be 
washed out by cold water while the plant is living. They can be washed out 
of the living plant by boiling water and can be extracted with cold water if the 
plant be first killed by chloroform or ether. Potassium iodid is not absorbed. 
One would be glad to see this matter studied carefully with reference to the 
osmotic pressure phenomena. W. D. B. 


Selective absorption of some salts by plants. £. Demoussy. Comptes 
rendus, 127, 970 (1898). —From a mixture of potassium nitrate and chlorid a 
great excess of nitrate was taken by the young plants even though the chlorid 
was present in excess in the original solution. From a mixture of potassium 
and calcium nitrates in equivalent quantities an excess of potassium nitrate 
was absorbed. With potassium and sodium nitrates practically no sodium salt 
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was absorbed. With sodium and calcium nitrates nearly equivalent quantities 
were absorbed, one salt or the other predominating slightly, depending on the 
nature of the plant. W. D. B. 


On a Crookes tube with an osmotic diaphragm. 7. Villard. Comptes 
rendus, 126, 74/3 (/898).—A platinum tube is fastened to a Crookes tube, the 
whole filled with hydrogen and sealed. On heating, the hydrogen diffuses out 
forming a vacuum. By placing the tube in an atmosphere of hydrogen, the 
pressure inside the tube can be increased. W.D. B. 


On the diffusion of gases through water and through agar jelly. GC. Hi/ner 
Zeit. phys. Chem. 27, 227 (1898). — With an ingeniously constructed apparatus 
in which a thin plate of hydrophane (a mineral through which gases can pass 
but which is impervious to water) was used, the diffusion constant A’ of ammonia 
was determined at various temperatures. The values obtained are K, 0.727, 
K,, 0.822, Ky) 0.953, K,; 1.106, K.) 1.250. In calculating these values Bunsen’s 
absorption coefficients were used. The results differ somewhat from those of 
Scheffer ; they are very different from those of J. Miller; but they agree well 
with Voigtlander’s determinations in agar jelly. If the influence of temperature 
is expressed by means of Voigtlander’s equation K, = K,(1 + a@/)*, the above 
determinations yield the value 0.026 fora, As the values found are only one- 
half as large as those calculated according to Exner’s law from the rate of dif- 
fusion of carbon dioxid, they indicate the presence of a double molecule. 

In agar jelly A’ was found to be 3.75 at 10°, which seems to agree well with 
the values previously found by means of the hydrophane method, viz. : Kj, 
4.09, K,, 4.45. The influence of temperature on the speed of diffusion of car- 
bon dioxid through agar jelly was tested. Using the equation K, = Ky, (1 4- @/) 
a being found to be 0.10295. From the rate of diffusion of carbonic acid the 
values of A’ for a number of organic and inorganic acids and for the hydroxids 
and chlorids of the alkalies and alkaline earths were calculated according to Ex- 
ner’s law. The figures thus obtained do not agree with those found experi- 
mentally by Voigtlander. The latter’s results yield molecular weights indica- 
ting polymerization of the molecules of the organic acids tested, the coefficients 
of association of the latter being as follows : formic 3.46, acetic 5.60, propionic 
6.74, butyric 7.88, oxalic 2.90, tartaric 2.15, citric 3.192. 

The author compares directly the diffusion of non-electrolytes with that of 
electrolytes, which is not allowable according to the views commonly accepted 
at present. L. &. 

Velocities 

On the velocity of solidification. HY. A. Wilson. Proc. Camb. Phil. Soc. 
10, 25 (/899).— The present paper has for its object the explanation of the 
peculiar shape of the velocity-supercooling curve for liquids. When the super- 
cooling is very small the velocity increases very slowly. As the supercooling 
is increased the velocity increases more rapidly and then becomes constant for 
a considerable distance. When the supercooling is very great the velocity be- 
comes small and may even fall to zero. From elementary considerations the 
author deduces the expression 
F 6.—6 


Aa 6. 
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to represent the velocity of solidification or the rate at which the tip of the 
ray of solid travels out in a supercooled solution. Here F is the latent heat of 
fusion; A is the force required to give unit velocity to one gram of the liquid 
diffusing through itself ; @ is the thickness of the surface of separation ; 6. — 6 
is the degree of supercooling. Then as w passes through a maximum value on 
account of the rapid increase of A as the temperature falls and taking 6, as the 
temperature corresponding to this maximum, two considerations, when the 
supercooling is greater and when less than 6, — 6,, are sufficient to account for 
the observed relation between the supercooling and velocity. The rest of the 
paper is devoted to the general problem of solidification : ‘‘ Given the distribu- 
tion of solid and liquid and the temperature throughout a given space at any 
time and also the boundary conditions, to find the distribution at any subse- 
quent or previous time.’’ Two special problems are treated in detail and serve 
to illustrate the methods of studying such questions. ff. 2.2 


On the rate of crystallization. A. Pogojawlensky. Zeit. phys. Chem. 27, 
585 (8985). — The author has determined the rate of crystallization at different 
temperatures of benzil, sulfonal, acetanilid, benzoin, mannit, santonin, picric 
acid, antipyrin, cumarin, erythrite, trichloracetic acid, peucedamin, salipyrin, 
cotoin, dinitrophenol, benzamid, menthol, dinitrotoluol, #-dinitrobenzoic acid, 
and m-dinitrobenzene. With all of these substances more than twenty degrees 
supercooling is necessary in order to reach the point at which the rate of crys- 
tallization begins to be independent of the temperature ; with antipyrin sixty 
degrees supercooling being needed. Experiments were also made on mixtures 
of benzophenone and of sulfonal with benzil. W.D. B. 


Velocity of sugar inversion in mixtures of alcoholand water. rust Cohen. 
Zeit, phys. Chem, 28, 145 (1899).— Experiments were carried out on the rate of 
inversion of 1o'/, sugar solutions in pure water, in 50'/, and in 20°, (by volume) 
alcohol with hydrochloric acid of concentrations varying between 1/2 and 1/128 
normal, Great care was taken to have the temperature very constant at 18° 
both in the thermostat where the inversion took place and in the polariscope 
where it was measured. The constants were calculated according to the usual 
formula, - 

‘ I d 

R= 7 4s 53° 
The rate of inversion in 50 /,alcohol was less than that in water. The ratio be- 
tween the constants for dilute alcohol and for water increased with decreasing 
concentration of hydrochloric acid until it reached a maximum at about 1/32 
normal acid where its value was 1.47. In other words sugar in 50°, alcohol is 
inverted about two-thirds as fast as in water by hydrochloric acid not stronger 
than 1/32 normal. In the series with 20'/, alcohol the ratio between the con- 
stants reached a maximum with 1/8 normal HCl and had a value of 1.03. The 
author has shown in a previous article, Ibid. 25, 42, that strong electrolytes are 
as completely dissociated in alcoholic solutions, up to 60°/, hy volume of alco- 
hol, asin water. Hence the difference in the rates of inversion cannot be 
attributed to different concentrations of the hydrogen ions, but must be ex- 
plained by an influence of the solvent on the reaction. No hypothesis is ad- 
vanced as to what the cause of this influence may be. S. ZL. B. 
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The reaction between potassium persulfate and potassium iodid, and cataly- 
sis in connection with the reaction. 7. S. Price Zeit. phys. Chem. 27, 474 
(7898). — The speed of the reaction, K,S,O, + 2KI — 2K-SO, + 2I or S,O,/” + 
21’ = 280,’ + L, was studied at 25°. From the second equation above it appears 
that the reaction should be of the third order, but the ‘‘ constants’’ calculated 
on this assumption increase regularly ; much better results are obtained by ap- 
plying the equation of reactions of the second order to the experimental data. 
An application of van ’t Hoff's formula for determining the order of a reaction 
yielded the result 2.4. When equivalent changes in the concentrations of the 
reacting substances are made, the time in which one-third of the change takes 
place remains practically constant, from which the author decides that the re- 
action is of the second order. No explanation is given as to why the reaction 
does not conform to the equation of the third order. 

The presence of the following substances accelerates the reaction, FeSO,, 
FeK(SO,),, CuSO, ; while those that have little or no effect are HNO,, H2SO,, 
FeF,, K,Cr.0,, CrO,, NaNOs, MnSO,, CoSO,, NiSO,,ZnSO,, MgSO,, K.SO,, 
Na,SO,, (NH,).SO,, MoO,, V,O,. Ferrous sulfate is more active in acid than in 
neutral solution ; the reverse is true of copper sulfate. The catalytic agents act 
in proportion to their concentration. When ferrous sulfate and copper sulfate 
are both present, their combined effect is nearly double that calculated on the 
assumption that their influence is simply additive. The action of ferrous and 
copper sulfates is but slightly changed by the addition of zinc or manganese 
sulfate. Ferrous and copper sulfates also accelerate the reaction when potas- 
sium bromid is used in place of potassium iodid, while when sulfurous acid is 
employed their action is nil, or at any rate very slight. ‘. &. 


The velocity of the reaction between silver acetate and sodium formate. —/. 
A. Noyes and G. T. Cottle. Zeit. phys. Chem. 27, 578 (1898); jour. Am. 
Chem. Soc. 21, 250 (1899).— The reaction between silver acetate and sodium 
formate may be represented by the equation 2CH,CO,Ag + HCO.Na = 2Ag 


CO, + CH,COOH + CH,CO.Na or the equation 2Ag | HCO, —2Ag + CO, + H. 
The sodium salt of formic acid and the silver salt of a weak acid were chosen for 
the purpose of reducing the catalytic action of hydrogen as ion to a negligible 
minimum. In each of the seven series the values of the constant were more 
satisfactory on the assumption that the reaction is trimolecular than on the as- 
sumption that it is bimolecular. When the different series are compared, there 
can be no doubt but that the reaction is of the third order. The constant is a 
trifle less satisfactory when the initial concentration of the silver salt is changed 
than it is when the concentration of the sodium formate varies. Though the 
reason for this is not definitely established the authors incline to the hypothesis 
that it is connected with the electrolytic dissociation of silver nitrate. 


W. Dz B. 


On the velocity of electrical reaction. £. Cohen. Proc. Roy. Acad. Amst. 
1899, 334. — Taking a transition cell of the third kind, the author proposes to 
measure what he calls the velocity of electrical reaction. The study given in 
this paper is for ZnSO,.7H,O and ZnSO,.6H,O below the inversion point, 39°. 
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The cell is composed of two Clark cells connected in parallel, one of which con- 
tains the stable phase of the salt and the other the metastable. The current 
which is set up in the transition cell represents the velocity of reaction and the 
E. M. F. determines the maximum work the reaction at any temperature can 
perform. The author calls K this velocity constant and it is of course repre- 
sented by 

E 
Ri + Re 
where R, and R, are the resistances of the two Clark cells. Taking the direct 
measurements given by Jaeger, the author finds that on plotting the values of 
K with the temperature starting from 39°, the velocity of electrical reaction 
rapidly increases, reaches a maximum at about 9° and then diminishes again. 
The author states that it is worthy of note that the curve here represented pos- 
sesses the same form as that showing the rate of crystallization of many sub- 
stances at temperatures below the melting-point. The paper is one of consider- 
able interest and the further work promised for other combinations will be 
looked for. mM. 7. B. 


K 


Rate of saponification of phosphoric esters. /. Cavalier. Comptes rendus, 
127, 7/4 (7898).— At 88° in tenth-normal solutions the reaction is mono- 
molecular. The methyl esters are decomposed about twice as rapidly as the 
ethyl esters. The tri-ester is decomposed much the most rapidly and the di-ester 
the least rapidly. The tri-ester is decomposed more rapidly by bases than by 
water; but the reverse is the case for the other two esters. HW. D. B. 


Reaction velocities. 4. von Hemptinne and A. Bekaert. Zeit. phys. 
Chem. 28, 225 (7899). — Measurements were made of the velocity of the reac- 
tion between triethyl amin and ethyl bromid in different solvents and in 
mixtures of different solvents. The temperature was maintained constant at 
66°. The article amounts to a continuation of Menschutkin'’s work with this 
same reaction. The velocity constants were calculated according to the usual 
formula for bimolecular reactions, 

. a 

Ka — \é. 
The pure solvents used were, benzene, acetone, chlorbenzene, benzyl, methyl, 
ethyl and propyl alcohols, xylene, ethyl alcohol -+ 2 '/, water, and acetone — 10 '/, 
water. The reaction went fastest in benzyl alcohol and slowest in xylene. 
Mixtures of two of these pure substances were then used as the solvent. In 
some cases the velocity of the reaction in the mixture was what it should be 
calculating simply from the amounts of each solvent present and the values for 
the pure substances (within the limits of experimental error). In other cases 
the reaction went much faster than was to be expected from this method of calcu- 
lation ; in others yet the velocity was less. When the two solvents belong to 
the same class of compounds the velocity found is close to the velocity calcu- 
lated When the two solvents belong to different classes the velocity found may 
be less and often is more than the Velocity calculated. -Where great differences 
occur between the values found and calculated it is noticed that one of the sol- 
vents contains an hydroxyl group. A few experiments were carried out with 
mixtures of three substances as solvent. Generalities are not apparent in these 
results. i ao A 
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Non-explosive decomposition of guncotton and test for stability. C. Hoi/- 
sema. Zeit. phys. Chem. 27, 567 (1898). — By keeping Dutch guncotton for five 
hours below 160° and then raising the temperature slowly to 210°, it was con- 
verted into a mixture of gases and a solid mass which was no longer explosive. 
The composition of this residue was C 31 %, H 5 %, O 57%, N 7%, while the 
composition of the gas given off was approximately CO, 36.2, NO 25.2, CO 17.9, 
H,0 9.8, NO, 1.4 and N 9.5, expressed in volume percentages. It is to be 
noticed that there is only a smal! quantity of any oxid of nitrogen with the ex- 
ception of NO. The author is of the opinion that with pure guncotton no NO, 
is formed as a primary product. Asa test for purity, therefore, he proposes to 
observe the time before a reaction for NO, can be detected when the guncotton 
is heated at some definite temperature. Results by this method are compared 
with those obtained by the methods of Abel and of Guthmann, and the new 
method stands the test well. The author feels that there are not enough experi- 
ments to enable him to state what should be taken as the standard temperature. 

W. D. B. 


On the limits of inflammability of carbon monoxid. //. LeChatelier and 
O. Boudouard. Comptes rendus, 126, 1334 (1898). — The normal limits of in- 
flammability are for a mixture containing 16 to 74.5 percent carbon monoxid. 
These measurements were made in tubes having an internal diameter of 40 mm. 
Decreasing the diameter brings the limits nearer together, no mixture being in- 
flammable in tubes with an internal diameter of 2.3 mm or less. Decreasing 
the pressure has the same effect ; at 80 mm of mercury all mixtures cease to be 
inflammable. Increasing the temperature increases the inflammability. The 
conflicting results obtained by Rozkowski are attributed to slow combustion be- 
fore making the test. The inflammability of mixtures of carbon monoxid and 
acetylene could not be calculated with accuracy from the limiting values for the 
single gases. Ww. D. &. 


On the limits of inflammability of combustible vapors. //. Chatelier and 
O. Boudouard. Comptes rendus, 126, 1510 (1898). — The authors have deter- 
mined the limiting concentrations at which thirty-one substances are inflamma- 
ble when mixed with air. With the exception of hydrogen and of carbon 
bisulfid, the heats of combustion of 23.5 liters of these limiting mixtures do not 
vary much from 12.5 cal. The limiting concentrations appear, as a rule, to be 
such as to require 11.5 percent in volumes of oxygen for complete combustion. 

WD. B. 
Electromotive Forces 

On the thermoelectric forces in crystallized bismuth. 1. /errot. Comptes 
rendus, 126, 1194 (1898). — The author has measured the thermoelectric force 
of the couple bismuth-copper when the surface of contact was parallel to the 
main cleavage plane of bismuth and when it was perpendicular to it. The 
electromotive forces in the first case are more than double those in the second 
case ; but the increase with increasing temperature-difference is greater when 
the surface of contact is perpendicular to the main cleavage plane than when it 
is parallel with it. WD. B. 
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Studies on polarization capacity. 4. J/. Scott. Wied. Ann. 67, 388 (1899). 
— There is nothing very startling in the present paper. It appears to be a sim- 
ple straightforward account of certain experiments conducted with a view to 
enlarging the knowledge of polarization capacity. The method adopted is the 
Wheatstone bridge method of comparing condensers. The results of the work 
are summed up by the author, and show sufficient variance to be interesting. It 
appears that the polarization phenomenon in thin gold membranes is to be ex- 
plained by minute pores in the metal, which is not shown by platinum leaf. 
The polarization capacity of polished platinum is determined by the occluded 
gases, and depends on the condition of the platinum. Gold and aluminum be- 
have similarly with cathodic polarization and show an increase with the E. M. F. 
With anodic polarization aluminum forms an insulated layer while gold goes 
into solution. The polarization capacity of Ag and Pb is conditioned by the 
metal ion in the electrolyte. Mercury under cathodic polarization has a mini- 
mum capacity with the E. M. F. which corresponds with the potential differ- 
ence between it and the electrolyte. Outer pressure exerts no influence on the 
polarization capacity. ae ea 3 


On the degree of magnetization of water. GC. /iger and St. Meyer. Wied. 
Ann. 67, 427 (1899). —N. DuBois pointed out in a recent note that the differ- 
ence between the results of the authors and his own, for the magnetic suscepti- 
bility of water, must be due to an erroneous determination of the former's field 
strength. The authors have made special determinations of the field strength 
used by them and find sufficient agreement by different methods to justify their 
former calenlations. The present paper is a reply to DuBois and also to state 
that after careful consideration they fail to be able to explain the huge discrep- 
ancy between their results and those of DuBois and the more recent ones of 
Konigsberg. mw. a. B 

Electrolysis and Electrolytic Dissociation. 

On the use of the silver voltameter and its application to the determination 
of standard cells. A. Aahle. Wied. Ann. 67, 1 (7899).— This is a reprint 
of a paper published by the author in the Zeit. Instrumentkunde, 18, 229 
(1898). It is a careful study of the silver voltameter undertaken with a view 
to determining just how far it can be relied on as a standard instrument. This 
naturally follows the author’s extended work on the Clark cell. Questions as 
to the character of the depositing dish, uniformity and method of washing the 
silver deposit, the neutrality or acidity of the AgNO, solution are of course dealt 
with at length. 

There is no way in which the author's method of procedure essentially 
differs from that already given by Lord Rayleigh. He does not think the errors 
arising from the retention of AgNO; in the pores of the deposit amount to any- 
thing if it is washed three times with cold water and left to soak for one hour 
with water at 80°. A correction has to be applied for the solubility of the silver 
in hot water. This amounts to from o.1 to 0.2 mg per hour. 

Wide divergences in the results are found for different solutions and show 
the great caution required in using the voltameter. Differences of one in a 
thousand may easily be obtained unless the solution is kept strictly normal. 
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The author's final value is 0.0011183, which is in excellent agreement with Lord 
Rayleigh’s original value 0.001118. This is in terms of the author's value for 
the Clark cell, 1.43285 volts at 15° C. The results of the work uudoubtedly 
point to the enormous difference between the accuracy of the silver voltameter 
and the Clark cell for determining the unit of current. The latter has been 
brought to such a high state of perfection that there seems little object in cling- 
ing toor even considering the silver voltameter as a standard instrument. 


Mm. 4. 2. 
On the production by electrolysis of crystallizedtungsten. 1. 4. Ha/lopeau. 
Comptes rendus, 127, 755 (1898). —If fused paratungstate of lithium be electro- 


lyzed between platinum electrodes there is formed a mass of crystallized tungs- 
ten mixed with platinum, this latter being due to the action of lithium on the 
electrodes. HW”. D. B. 


Polarization and internal resistance of electrolytic cells. A. £. Guthe. 
Phys. Rev. 7, 193 (1898) — The author gives in this paper certain preliminary 
results as to the possibility of representing mathematically the change in the 
internal resistance of electrolytes with increasing or decreasing current. He 
proposes an empirical formula taken from Wiedeburg 

E P Ke 


R - —(I—é ), 
Cc e* 
where P and K are constants. If the resistance R is deduced from EC alone 
it will always be too large. The author gives a brief description of his method 
and shows by means of a plot the excellent agreement of the observed values 
with those deduced from the expression given above. Hm. 2. B. 


Note on the experiments of I. Bosi on the resistance of moving electrolytes. 
E. H. Hall. Phys. Rev. 7, 246 (1898).— The changes found by Bosi for the 
resistance of electrolytes in motion (1, 621) are brought into question by the 
author. Experiments under his direction for CuSO, show that no such effects 
recorded by Bosi are produced. If they are so they must be very much smaller 
than Bosi has given. Hl. 7. B. 


On the passage of the electric current through liquid dielectrics. 4. .\Vaccari. 
Nuovo Cimento, (4) 8, 259 (1898). —It has been claimed that the specific re- 
sistance of petroleum varies with the electromotive force ; but the author finds 
this not to be the case. He was also unable to confirm the report that the re- 
sistance is not a linear function of the thickness of the liquid layer. 


WD. B. 
A new mercury voltameter. 1. Gurwitsch. Zeit. Elektrochemie, 5, 37/9 
(7899).— By an elaborate system of stop-cocks, tubes and globes the author suc- 


ceeds in measuring the increase in the amount of the mercury cathode by the 
rise of alcohol in a capillary tube. The advantage claimed for the instrument 
is that the resistance remains constant so that the apparatus can be placed in 
shunt if necessary. The instrument hardly seems simple enough to make it a 
valuable addition to the laboratory stock. W. D. B. 








# 
5 
. 

: 





430 Reviews 


On the dissociating power of solvents. /. Il’. Prihl. Zeit. phys. Chem. 
27, 3/9 (1898).—-The dissociating power of solvents is referred to the un- 
saturated condition of certain atoms contained in the solvent. In the case of 
solvents containing oxygen the latter is assumed to be quadrivalent and hence 
endowed with two spare valences; compounds containing trivalent nitrogen 
have dissociating power because the nitrogen has two spare valences. The fact 
that the molecules of solvents are polymerized in many cases is ascribed to the 
same cause, It is prophesied that other unsaturated solvents like the trichlorids 
of phosphorus and arsenic, the mercaptans and organic sulfids will be found to 
possess dissociating power. It is stated that the presence of spare valences is 
not sufficient to endow a solvent with dissociating power, but that these 
valences must be of a certain peculiar kind, which, however, is not further 
defined. It is simply pointed out that this is shown by the behavior of sulfur 
in carbon disulfid and carbon in the olefine series. As the molecules of the 
latter compounds polymerize readily, it is claimed that polymerization is in 
itself not a sufficient criterion and not the fundamental cause of dissociating 
power. In connection with the fact that hydrocarbons of the benzene series 
though unsaturated have no dissociating power it is stated that these hydro- 
carbons behave like saturated compounds in some respects. 

The reader's attention is directed to an article on the same subject in the 
Jour. Phys. Chem. 3, 12 (1899). ib. Me 


On the dissociation of polyvalent salts. 7. Ca/ame. Zeit. phys. Chem. 27, 
jor (1898). — The freezing-points and the electrical conductivity of aqueous 
solutions of salts of bivalent metals with mono-, di- and tribasic acids were 
determined and the degree of dissociation was calculated from the results. In 
the case of the copper salts the E. M. F. between the solutions and the metal 
was also determined. The formates of Sr, Ba, Ca, Cu and Zn are dissociated 
to nearly the same extent as the acetates of their metals. The formate of Mg, 
the acetates of Ni, Co, Cd, Pb, the propionates of Ba and Cu, the butyrate of 
Cu, the lactates of Ca and Cu, the salicylates of Ba and Ca, the maleinates of 
Mg and Zn, the fumarate of Mg and the malates of Mg and Cu were investigated 
in addition to the salts above mentioned. When the salts of the same anion are 
arranged with respect to their degree of dissociation, the order of the cations in 
the different series thus obtained is the same. ‘The dissociation of zinc formate 
and acetate and of lead acetate increases more rapidly with the dilution than 
the dissociation of the other salts ; the curves of these three salts therefore cut 
those of the others. The degree of dissociation of the acetates of the alkaline 
earths decreases between the concentrations N/2 and N 4 as the dilution in- 
creases. The malate, citrate and glycerate of copper form complex molecules 
in aqueous solution, while the salicylate and lactate do not. Magnesium 
fumarate is more strongly dissociated than magnesium maleinate, a fact that is 
explained by Ostwald’s theory of the dissociation of dibasic acids. 

The results show that the degree of dissociation of a salt is not determined 
solely by the ‘‘ionizing tendency ”’ 


of the substances that become ionized, a 
view expressed by Ostwald, Lehrbuch, 2, 791. The author mentions the fact 
that according to the measurements of Arrhenius the degree of dissociation of 
copper chlorid is nearly the same as that of strontium and barium chlorids. 
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Barium and calcium are very high in the electrochemical series and copper is 
low. It is evident that this article adds to the number of facts which it is very 
difficult for the theory of electrolytic dissociation to explain. L. Kk. 


On the taste of salts and alkalies. A’. H/dber and F. Kiesow. Zeit. phys. 
Chem. 27, 601 (1898).— The salty taste of KCl, NaCl, MgCl,, CH,NH,Cl, 
C,H,NH,Cl, NaBr, Nal, K,SO, and Na,SO, depends on the anion and becomes 
noticeable at a concentration of 0.020-0.025 gram-ion per liter. Ammonium 
salts can be detected in solutions only one-half to one-third as concentrated as 
the preceding and this extra sensitiveness is believed to be due to the ease with 
which ammonium salts pass through animal membranes. The sweet taste of 
beryllium chlorid or sulfate can be detected at the point of the tongue in 
0.00025-0.00045 normal solutions, the back portions of the tongue being less 
sensitive. Alkalies are said to have a sweet taste due to hydroxyl as ion. This 
can be recognized as soon as the concentration of hydroxyl as ion becomes 
0.006-0,.009 normal. See 3, 66. W.D. B. 


On the toxicity of copper salts with reference to the higher vegetables. (. 
Bonnier. Comptes rendus, 127, goo (1898).— It appears that about a »/3000 
solution of bromid, chlorid, sulfate, acetate or nitrate of copper is required to 
kill a germinating wheat plant. Since the results with the different salts cor- 
respond within the limits of experimental error, we are here dealing with the 
toxic action of copper as ion. W. Dd. B. 


The toxic effect of chromium compourids on the higher vegetables. //. 
Coupin. Comptes rendus, 127, 977 (1898). — Chromium is much more toxic 
as chromate or bichromate than as chromic sulfate or chrome alum. Chromic 
acid is more toxic than the salts and the bichromates are more toxic than the 
chromates. The experiments do not appear to be accurate because it is said to 
take twice as concentrated a solution of sodium chromate as of potassium 
chromate to kill young wheat plants while the limiting solution of potassium 
bichromate is five times as concentrated as that of sodium bichromate. The 
concentrations are given in grams per hundred grams of water. W. DD. B. 


Formation of salts in alcoholic solution. S. Z7anatfar and B. Klimenko. 
Zeit. phys. Chem. 27, 172 (1898). — According to the dissociation theory, the 
heat of neutralization of acids and bases in water solution is the heat of forma- 
tion of undissociated water from its ions. In alcohol solution dissociation is 
much less, therefore the heat of neutralization in this solvent must be different 
from that in water. If ammonia is the base, the heat of neutralization must be 
quite different as then no water at all is formed. The authors carried outa few 
experiments neutralizing benzoic and lactic acids with ammonia and with 
potassium hydroxid, all 1/10 normal solutions in alcohol. The heat of neu- 
tralization was observed in a Berthelot calorimeter. They find the heat of neu- 
tralization of either acid with ammonia about twice what it is with potassium 
hydroxid. They also find the heat of neutralization with potassium hydroxid 
considerably less in alcohol than in water solution. They determined the 
specific heats of alcohol and of the solutions they used, also the heats of solution 
of benzoic acid, ammonium benzoate and potassium benzoate. SL. B. 











432 Reviews 


On a method of facilitating the measurement of temperature by means of 
platinum thermometry. G. 7. //. Wade. Proc. Camb. Phil. Soc. 9, 526 (7898). 
— In speaking of the method of measuring temperatures by the use of platinum 
thermometers the author says: ‘‘ Probably one reason why it is not more fre- 
quently used is that equal increments of resistance do not represent equal incre- 
ments of temperature, so that inconvenient calculation are required to deduce 
the latter. The object of this paper is to describe a means of avoiding these 
calculations *’. In order to do this the method adopted is certainly ingenious, 
but it is difficult to see wherein it could be more simple than the ordinary 
method of reduction. Instead of compensating the change of resistance by one 
set of coils on a Wheatstone’s bridge the author proposes to use a shunt of two 
sets of coils such that ‘*‘ by whatever amount the resistance of one arm of the 
shunt is increased, that of the other is to be diminished.’’ It is easily seen then 
that by suitable arrangement of resistances, and as the sum of the resistances in 
the shunt remains constant then the arms of the shunt are linear functions of 
the temperature. After proving the corrections of the assumption some exam- 
ples are given showing the applicability. In conclusion the author remarks 
that as the resistance of a perfectly pure piece of platinum wire might be a 
linear function of the temperature, it would be possible to regard the impuri- 
ties as a sort of shunt in providing an alternative path to the passage of the 
current, ft. 2. B. 


On the electrical resistance of steel. //. LeChatelier. Comptes rendus, 
126, 7709 (8g8). — The electrical resistance of steel increases with increasing 
amounts of carbon, silicon, manganese or nickel. Tungsten and molybdenum 
have little effect. W. DB. 


Influence of tempering on the electrical resistance of steel. //. LeChatelier. 
Comptes rendus, 126, 1782 (1898). — Tempering below 710° has no effect upon 
the electrical resistance of carbon steel. Tempering above 710° increases the 
resistance, there being an increase of two hundred percent when the steel is 
tempered at 950°. The presence of chromium increases the effect due to the 
temperature at which the steel is tempered while the presence of tungsten de- 
creases it. W.D. B. 

Electrical resistance at the point of contact of two discs of the same metal. 
FE. Branley. Comptes rendus, 127, 219 (1898).— A column of zine or copper 
discs has the same resistance whether the discs be superposed quietly or by 
dropping ; but this is not the case with aluminum, iron or bismuth. With 
aluminum the resistance was sometimes greater by two hundred ohms when 
there had been a series of shocks than when the discs had been piled up 
quietly. No explanation is offered. W.D. B. 


Dielectricity and Optics 


On the dielectric constant and electrical conductivity of liquid ammonia. //. 
M. Goodwin and M. deK. Thompson, Jr. Phys. Rev. 8, 38 (1899). — The 
results of Cady on ‘‘ The Electrolysis and Electrolytic Conductivity of Certain 
Substances Dissolved in Liquid Ammonia’ (1, 707) have induced the authors 
to study the dielectric constant and conductivity of liquid ammonia. The re- 
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sults of their work on the dielectric constant by Drude’s method show a much 
smaller value (22) than for water (80) which should not be the case if, as seems 
likely, liquid ammonia has a higher dissociative power than water. If correc- 
tions are applied for the wide divergence in temperature between water and 
liquid ammonia the discrepancy becomes worse. The results for the conduc- 
tivity show between — 30° and — 12°, an increase of 0.7 percent per degree and 
a specific conductivity of about 1.6 « 10-4. The experiments on AgNO, con- 
firm the results of Cady and make the molecular conductivity greater than in 


water. a. 2.8 
Variation of the dielectric constant of glass by mechanical stress. GC. 
Ercolini. Rend. Accad. Lincet, (5) 7, 11, 172, 183 (1898). — After a discus- 


sion of the different theoretical views the author describes his own experiments. 
His results confirm the theory of Lippmann that the dielectric constant of glass 
increases under mechanical stress. For small weights the increase is not quite 
proportional to the weight; but this relation is very nearly true for larger 
weights. W. D.B 


Variation of the dielectric constant of rubber by mechanical stress. 0. .1/. 
Corbino and F. Cannizzo. Rend. Accad. Lincet, (5) 7, 11, 286 1898.— The 
dielectric constant of rubber decreases under mechanical stress. W. D. B. 


On the variation of dielectric constants with the temperature. //. /%//a/ 
and P. Sacerdote. Comptes rendus, 127, 544 (1898).— The dielectric constant 
of paraffin decreases with rising temperature while the reverse is true for 
ebonite. This may introduce serious errors in determining the energy of a con- 
denser. W. D. B. 


Influence of the surrounding dielectric on the conductivity of copper. /. /. 
Merrill. Phys. Rev. 8, 172 (1899). — The author meritoriously undertakes to 
settle the question of the influence of surrounding dielectrics on the conductivity 
of copper wire. There could of course be but one outcome of his work, if it 
had been correctly performed, and that isa negative one. He found within the 
limits of error of his measurements, 0.01 percent, that the character of the sur 
rounding dielectric has no effect on its conductivity. Hence ‘‘a necessary 
modification of Ohm’s law’ must be regarded as unsubstantiated, unwarranted 
and absurd. Hf. T. B. 


On the connection between the chemical composition of a gas and the ioniza- 
tion produced in it by Réntgen rays. /. /. Thomson. Proc. Camb. Phil. Soi 
10, /0 (7Sgg). — In ROntgenized gas the limiting value of the current between 
two electrodes, reached after an indefinite increase in the E. M. F., shows that 
the number of ions produced by the passage of the current just equals the num- 
ber used up. The author makes a study of the saturation currents for different 
gases under the influence of RO6ntgen rays to obtain the degree of ionization. 
By having two tubes exposed to the rays at the same time, one with air and the 
other with gas, all errors due to the varying intensity of the rays are eliminated. 
The results are then expressed in terms of air. The results show that the 
ionization of a compound gas with the exception of cyanogen obeys the addi- 
tive law and may be calculated with close approximation. “If 2[A], 2[B] 
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represent the ionization of the elementary substances A,, B, respectively, the 
ionization of the compound gas represented by the formula A,By will be equal 
to p[A] + g[B]”’. This law is amply verified by the experimental results. In 
the case of cyanogen the author points out that the discrepancy from the addi- 
tive relation here is similar to that for the same gas in Kopp’s law of volumes. 


MW. 7. 8. 


The optical activity of gallotannic acid. O. Rosenheim and P. Schidrowttz. 
Jour. Chem. Soc. 73, 878 (1898). — The authors confirm the statement of Wal- 
den that so-called ‘ pure gallotannic acid’ is not pure. The commercial acid 
hasa rotatory power varying from [@]p —-— 11° up to [@4]p— + 75°. From all 
these acids they were able to separate an acid having a value [@]p =~ 75.2°. 
This they believe to be pure gallotannic acid, the lowering of the value in 
the commercial article being due to impurities, chiefly gallic acid. The deriva- 
tives obtained from all the commercial gallotannic acids are identical in rotatory 
power inter se and also with those prepared from the purified gallotannic acid. 

Incidentally the authors have determined the solubility of gallic acid in 
various solvents and have noticed that three liquid phases are formed when 
water, acetone and ether are added to a mixture of gallic and gallotannic acids. 
The lowest layer was a syrupy concentrated solution of gallotannic acid 
containing a small quantity of ether ; the middle one, an acetone solution rich 
in gallic acid, with a little gallotannic acid, the upper layer being an ethereal 
solution containing small quantities of gallic and gallotannic acids. W. D. B. 


The influences modifying the specific rotatory power of gallotannic acid. 


O. Rosenheim and P. Schidrowttz. Jour. Chem. Soc. 73, 885 (1898).—In 
aqueous solutions containing up to one percent of gallotannic acid, it appears 
that the rotation is constant at [a]}> + 75.2°. The deep color of the solu- 


tions prevented satisfactory readings being made with more concentrated 
solutions. In all the organic solvents tested the rotation was cut down enor- 
mously, becoming zero with one mixture of acetone and carbon tetrachlorid. 
Gallic acid has no effect. Alkalies decrease the rotation and acids have no 
effect, beyond restoring the rotation when added to an alkaline solution. The 
borates and tungstates reduce the rotation enormously, carbonates somewhat, 
and chlorids very little. W. D. B. 


On the flame-spectrum of mercury and its bearing on the distribution of 
energy in gases. G. ). Liveing. Proc. Camb. Phil. Soc. 10, 38 (7899). — The 
author announces the discovery of another mercury ray developed in the mer- 
cury spectrum of wave-length 4358. The presence of the ultraviolet ray 
A 2535-8 was pointed out some time ago by the author in conjunction with 
Dewar for mercury heated in the electric arc. In the present case the author 
heats mercury in a cyanogen flame burning in oxygen. The emission of these 
two rays as the author says ‘‘in a flame where the stimulus appears to be only 
the high temperature since mercury is not known to combine with either oxy- 
gen, carbon or nitrogen at such a temperature, seems to be a fact of some theo- 
retical interest.’’ This being so the rest of the paper is of course of a more or 
less speculative nature. ff. 7.8. 
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On the comparative color of the vapor of iodine in air at atmospheric pressure 
and in vacuum. /. Dewar. Proc. Camb. Phil. Soc. to, 44 (1899).—The 
author finds not only does iodine vapor have a perceptible color but a distinct 
difference in color in the vapor at different pressures. He also finds that iodine 
distilled and condensed on a glass surface at — 182° in vacuum test-tubes shows 
transparent films of varying grades of thickness. These show brilliantly the 
colors of thin plates by reflection. ae ee 


Spectrum analysis of some non-conducting minerals by means of melted 
salts. d4.deGramont. Comptes rendus,126, 1573 (7898). -- Lithium, sodium, 
rubidium, cesium, calcium, strontium, barium, magnesium, manganese, 
chromium, aluminum, vanadium and zirconium, are easily recognized by this 
method, potassium and glucinum less readily while the method is not applica- 
ble to iron and nickel. WD. P. 


Observations of some spectra: aluminum, tellurium, selenium. 14. de 
Gramont. Comptes rendus, 127, 866 ( 18gg).—Attention is called to the fact that 
certain lines commonly attributed to aluminum, to selenium and to tellurium 
do not appear in the spectra when these metals are very pure. WD. B. 


On the radiations emitted by thorium and its compounds. ©. C. Schmidt. 
Comptes rendus, 126, 7338 (1898).— Some measurements on the emission of 
Becquerel rays by thorium compounds. W.D. B. 


Phosphorescent mixtures formed with strontium sulfid. G. 2. .Wourelo. 
Comptes rendus, 126, goy, 1508 (1898). — Adding two and a half percent or more 
of strontium sulfid to inert substances like barium and calcium sulfates and 
heating the mixture to a cherry-red heat makes the entire mass phosphorescent. 


W. D. B. 
On a property of fluorescent screens. /. | i//ard. Comptes rendus, 126, 
1414 (1898). — Tf the shadow of any opaque substance be cast upon a screen of 


barium platinocyanid by the X-rays, the image of the object will remain on the 
screen after the source of light has been cut off. This image can be obliterated 
by exposing the screen to ordinary light. WW, D. B. 


On the brilliancy of a source of light. 7. Jenko. Wied. Ann. 66, 1782 
7Sg8). — Accepting the unit (meter candle) to be the brilliancy of one cm? of 
Bristol-board placed one meter away from a standard candle, the author com- 
pares various sources of light with this. He finds the strength of the Violle 
unit is equal to 1,008,200 meter-candles. A comparison of the reflected light 
from a number of white surfaces shows that in reality no surface appears ab- 
solutely white. Taking Bristol-board with a brilliancy of 1 its color is brownish : 


Fresh fallen snow - - 1.05-1.11 - - yellowish 

ZnO with 5 pet gypsum = -_—s. 169 - - - bluish gray 
White lead . . - 1.207 - - reddish yellow 
MgCQO - - - - 1.29 - - - yellowish green 


The author remarks that only MgCO, shows a complete mat surface, and hence 
is equally clear at all angles. He recommends the use of this substance instead 
of paper or gypsum for the unit of brillianey. mM. 2. 8 
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On a new standard of luminosity. CC. /éry. Comptes rendus, 126, 1/92 
(78g8).— It is proposed to use as standard the flame produced by acetylene 
burning in air from the end of a tube having an internal diameter of 0.5 mm. 
The intensity is rather a complicated function of the amount of gas burned per 
unit of time ; on the other hand, it varies practically proportionally with the 
height of the flame when this varies between 1o and 25 mm. W. D. B. 


On the radiation of incandescent mantles. //. LeChatelier and O. houdou- 
ard. Comptes rendus, 126, 1861 (/8g8).— The authors have studied the 
Welsbach mantles, They find that the emissive power at the temperature of 
the incandescent mantle is different for different rays. The advantageous results 
are due to the fact that the emissive power is nearly unity for the blue, green 
and yellow rays ; is less for the red rays and is, without doubt, very small for 
the ultra-red rays. The proportion of energy radiated in the form of visible 
rays is therefore very large though the absolute value is nevertheless below that 
of a black substance at the same temperature. On the other hand a black 
substance under the same conditions of heating would have a very much lower 
temperature and would therefore be much less luminous. W’. D. B. 


On the vaporization of iron at ordinary temperatures. //. /v//a/. Comptes 
rendus, 126, 7338 (78g8). — To show that the effect produced upon a photo- 
graphic plate by a piece of iron was due to the volatility of the iron and not to 
the emission of rays, the author placed two little iron rings on a photographic 
plate, one being enclosed in a glass box. When the plate was developed, no 
image of this second ring was to be seen. WD. B. 

Crystallography, Capillarity and Vtscosity 

On the structure of alloys of iron and nickel. /. Osmond. Comptes 
rendus, 126, 7352 (7898). — When examined under the microscope iron contain- 
ing o-8 percent nickel looks mnch like iron containing no nickel. Iron con- 
taining 12-25 percent nickel consists of fibrous bundles and looks like cast steel; 
it is hard and magnetic. Iron containing 25-50 percent nickel is markedly crys 
talline. W. D. B. 

On the constitution of ternary alloys. G. Charpy. Comptes rendus, 126, 
1645 (1898). — A microscopical study of alloys containing tin, lead and bismuth 
shows that the three crystallize side by side. In no system yet studied has the 
author found any evidence of a ternary compound. W. D. B. 


On the estimation of capillary constants with solidified drops. ./. (raden- 
witz. Wied. Ann. 67, 467 (1899). — The author shows that the method of 
estimating the capillary constant for solid drops is open to the objection that 


the drop either becomes elevated or depressed on its surface depending on 
whether the material expands or contracts on solidifying. This would cause 
uncertainty in determining the vertical height. Examples are given for mer- 
cury, water, tin and silver. H, 7. B 




















ON THE PARAANISALDOXIMES 


BY H. R. CARVETH 


During the past year there has been carried on in this labo- 
ratory the examination of a number of bodies occurring in two 
modifications, of which the one with the higher melting-point 
was the less stable. In every case examined it has been proved 
that the Duhem theory of permanent change as developed by 
Bancroft and systematized by the use of Phase Rule methods is 
able to explain the phenomena observed. For a further test of 
this theory the writer has examined the conditions of equilibria 
present with the paraanisaldoximes when the two modifications 
are regarded as forming a binary system and also when by the 
introduction of another substance, it is assumed that there is 
formed a ternary system. 

The first work on paraanisaldoxime was done by Westenber- 
ger’ who formed the compound by adding, to an aqueous solu- 
tion of hydroxylamine hydrochloride, sodium hydroxide and 
then the calculated amount of anisaldehyde in alcoholic solu- 
tion. The yellow oil resulting was taken up in ether, the ether 
evaporated and the solution crystallized over sulfuric acid. Re- 
crystallization from alcohol and ligroin gave white leaves of 
M.P. 45° which were but slightly soluble in cold but quite solu- 
ble in hot water. Four years later Goldschmidt and Polonowska’ 
made use of Westenberger’s methed, and obtained as a product 
long hard prisms of M.P. 61°. In 188g Miller’ precipitated a 
benzol solution of the oxime by ligroin, obtaining a white pow- 
der of M.P. 64°, soluble in hot water, ether and benzol. Other 

' Ber. chem. Ges. Berlin, 16, 2993 (1883). 


® Thid. 20, 2407 (1887). 
* Ibid. 22, 2790 (1889). 





438 ff. R. Carveth 


references to the melting-point of the compound are given by 
Goldschmidt,’ Beckmann,’? Hantzsch,3 and by Goldschmidt and 
Rietschoten,* the latter giving as the M.P. 63°, the former three 
observers 61°. 

In 1890 Beckmann‘ discovered an isomeric form of the ox- 
ime, the one now called the 8 modification. This he made by 
forming the hydrochloride of the a oxime, treating this with so- 
dium hydroxide and crystallizing. Since the 8 modification is 
less soluble than the a form in benzol, it was comparatively easy 
to effect a sharp separation by using benzol as the solvent. ‘The 
product obtained is stated to have shown a constant melting- 
point of 130°—130.5° even on slow heating, which, it will be re- 
membered, is in marked contrast with the benzaldoxime which 
attains its melting-point only on being heated very rapidly. 
When boiled with ether for a few hours or when heated with 
alcohol at 150°, the 8 form is changed into its isomer; but this 
reaction is said not to occur when the substance is heated with 
alcohol to roo° for one hour. Goldschmidt> in examining the 
8 form describes it as having a melting-point of 133° and as being 
less soluble than the a in ordinary solvents, and states that it 
may readily be changed into the a form by heating above its 
M.P. of 133°. 

This short résumé shows conclusively that the anisaldoxime 
does exist in two modifications which are capable of existence 
as solids at ordinary temperatures; that they possess melting- 
points and other properties which are distinct but that they are 
nevertheless readily convertible one into the other. To such 
cases as this the Duhem theory may be applied with great ad- 
vantage, while without its aid the explanation given for the phe- 
nomena must be insufficient if not inaccurate. 

The anisaldehyde used as starting-point in the research was 
the commercial product, aubépine, supplied to us by Messrs. 


' Ber. chem. Ges. Berlin, 23, 2163 (1890). 
® Thid. 23, 1687 (1890). 

* Ibid. 26, 929 (1893). 

* Ibid. 26, 2087 (1893). 

’ Ibid. 23, 2163 ( 18go0). 
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Fritzche Bros., of New York. This was fractioned, the part 
coming over at 246°-247° (744 mm) being retained and refrac- 
tioned in an atmosphere of hydrogen. The aldehyde obtained 
was shaken up with concentrated aqueous soda solution, and the 
theoretical amount of hydroxylamine hydrochloride added. After 
washing with cold water the first product showed a M.P. of 50°. 
This was consequently recrystallized a great number of times 
from ether until there were obtained beautiful white crystals of 
M.P. 63°. This when melted up in amounts of three to five 
grams showed but a very slight tinge of yellow, which subse- 
quent crystallization failed to remove; moreover it was not found 
possible by repetition of the crystallizations to raise the M.P. of 
the product. It was found later that crystallization from toluene 
removed the colored impurities more rapidly than when ether 
was used as solvent. 

The 8 modification was prepared from the oxime hydro- 
chloride. This salt was itself made by passing dry hydrochloric 
acid gas' slowly into an ethereal solution of the oxime at tem- 
peratures ranging from o°-20°. After the precipitated hydro- 
chloride was filtered, washed with ether and dried, it was pul- 
verized, put into ice-cold water and slowly neutralized by dilute 
cold solution of potassium carbonate. The solid oxime resulting 
was washed with cold water, dried and crystallized from benzene. 
In this way it was possible to obtain quite a large yield of the 
8 from the a oxime. The former crystallizes in long needles 
and on fairly rapid heating showed a melting-point of 132°. 

The slight discrepancies between the melting-points of both 
forms as given by different observers has caused us to investigate 
how much importance must be attached to the melting-points 
of this substance in particular as a means of confirming its 
purity. 

The experiment was performed in the following manner. 
The substance was put into a capillary melting-point tube which 


' The gas was dried by passing through sulfuric acid, towers of glass wool, 
and calcium chloride. Slight traces of sulfuric acid carried over in some of the 
first experiments gave rise to colored compounds whose nature was not inves- 
tigated. 
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was then sealed. This was fastened by a rubber band to a ther- 
mometer and the latter was then immersed in a bath of liquid 
kept at its boiling temperature. The Beckmann boiling-point 
apparatus serves the purpose of a constant temperature bath ad- 
mirably, while mixtures of the ordinary organic solvents with 
each other or with water give one a series of liquids whose boil- 
ing-points may be varied at will. 
The results which were obtained were as follows: 


I. a oxime at 62.8°—melted at once. 
a “ * 61.8°—1:melted but not completely in 
22 minutes. 
“* 61.0°—1melted in 55 minutes. 
* 58.9°—not melted in 135 minutes. 


“ee 


a 
a 
2. 8 oxime at 134.0°—telted in 30 seconds. 

SS CU 
- '- * ee ~*~ * i * 
B “ * T2t0°— * - 2 CO 
= “ee * 7 — * 
- = *7eec— * .* a. [6 
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Here, therefore, we have two modifications whose melting- 
points depend entirely on the time of heating. This is the prob- 
able explanation why the melting-point of the a is given by dif- 
ferent observers at 61°, 63°, and 64°, and the melting-point of 
the 8 as 130° and 133°, assuming that the conditions under 
which each observer worked were the same, with the exception 
of the time required in melting. 

The results given above are not of great value regarded as 
quantitative data, since the influence of the walls is one whose 
effect cannot be estimated: for example, the fact that the 8 ox- 
ime took 30 seconds to melt when plunged into a bath whose 
temperature was 134°, while the melting-point had previously 
been found at 132°, plainly shows that the time required for the 
conduction of the heat to the interior of the tube cannot be neg- 
lected. Nevertheless the results when plotted show that there 
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is being approached a limit of temperature below which melting 
would have been impossible. If the triple and eutectic points 
coincide, then this temperature will mark the limit below which 
melting is impossible. If, as in the present case, the eutectic 
point lies below the triple point and more toward the side of the 
8 modification, then the lowest temperature at which the a will 
melt will be that of the triple point; the 8 modification, how- 
ever, may melt at the temperature of the eutectic point, but if 
after being melted it is kept for some time at this temperature, it 
will again solidify, owing to the displacement of the equilibrium 
toward the side of the a modification. 

Experiments were made, therefore, to ascertain the temper- 
ature of the triple point and the effect of the initial temperature 
of heating on the displacement of the equilibrium. The meas- 
urements were taken with the ordinary Beckmann freezing-point 
apparatus, including the air-jacket, cooling bath, platinum stirrer 
and thermometer. The latter was divided into tenths, and all 
readings given are corrected. Starting with an amount of ma- 
terial which was never less than ten grams, the writer melted the 
oxime, allowed it to supercool one or two degrees in the air or 
bath, then immersed it in the Beckmann cooling bath, whose 
temperature must lie not more than a degree below the freezing- 
point of the mixture, and stirred vigorously until the thermome- 
ter showed a constant maximum reading. When the supply of 
material is small, it is necessary to have the degree of supercool- 
ing as constant as possible for successive measurements, and also 
to have the temperature of the cooling-bath quite close to the 
freezing-point to be observed. 

There was examined first of all, the a form which had pre- 
viously shown a melting-point of 62.8°. It was heated to 64‘ 
for thirty minutes, then cooled and the freezing-point taken; 
then heated at 87° for the same time, cooled and freezing-point 
noted. Proceeding similarly with the initial temperature at 
100°, 125°,and 142°, it was found that for three sets of readings 
the temperature at which the mass solidified was 54.20 with a 
mean variation of + 0.15°. 
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To ascertain whether the final equilibrium attained was the 
same whether one uses as first material the a or the 8 crystals, 
we have heated the 8 form up to the point of fusion and imme- 
diately determined its freezing-point, which was found to be 
54.2°. Successive meltings and freezings have shown this also 
to be constant at 54.20° +0.25°. In not a single case has there 
been found any indication of decomposition, either by change of 
color or by loss of weight. From these experiments the only 
conclusions which can possibly be drawn are that the initial 
temperature of heating —at least up to 142°— has no effect on 
the final condition of equilibrium, and that the same equilibrium 
is attained whether one starts with the a or the 8 form. The 
change of one modification into the other is therefore accom- 
panied by little or no heat effect, a phenomenon which has 
already been observed in the case of acetaldoxime and benzal- 
doxime, and which may possibly apply to all the oximes. 

It has been hoped that the complete equilibrium curve for 
the two forms might be determined, since the work of Cameron’ 
implies this as a possibility. The a and 8 forms were taken in 
known amounts, which were then intimately mixed and put into 
small capillary tubes. The ends of the tubes were sealed and 
the melting-points taken in the ordinary manner. In but few 
cases would a repetition with a second tube similarly prepared 
give results which were at all in harmony with the first deter- 
mination. The diameter of the melting-point tube especially 
had a great deal to do with the melting-point observed, this oc- 
curring at a lower temperature when the diameter of the tube 
was increased, if the heating were not too rapid. This is prob- 
ably due to the influence of the walls in preventing the 8 form 
from dissolving up rapidly in the liquid mixture. The method 
used by Cameron is not an ideal one in any case, since the effect 
of the time factor is one which cannot be estimated. Moreover 
the immediate taking of the freezing-point will give but a poor 
check on the melting-point determinations, since there is, at pres- 
ent, no way of estimating the extent of displacement which 


‘ Jour. Phys. Chem. 2, 412 (1898). 
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occurs when the solid fuses, or of ascertaining whether the mass 
in the capillary is completely solidified. 

That Cameron was able with the benzaldoximes to obtain 
results which agree with each other must have been due to the 
comparatively slow change of the 8 into the a form. With the 
anisaldoxime we have shown that even considerably below its 
M.P., it changes over into the a form, while after it has been 
once , heated to its melting-point, its freezing-point falls imme- 
diately to 54.20°. 

It has, therefore, been found absolutely impossible to obtain 
with any degree of accuracy the composition of the triple point. 
That at this point there is present a mixture and not pure a has 
been verified in the following way. The equilibrium mixture 
formed after melting the 8 crystals has been crystallized from ben- 
zene after it was shown that benzene had but a small effect on 
the equilibrium relations. There were deposited at first a very few 
crystals whose crystalline form and high melting-point showed 
them to be the 8 modification. This offers, therefore, confirma- 
tory evidence of the statement that, at the stable triple point, 
both of the stereoisomeric forms co-exist in the melt. 

It was now decided to ascertain what was the position of 
the eutectic point relative to the triple point. All that can be 
said is that it lies about 0.2° lower than the latter. This was 
proved by adding the 8 modification in very small amounts to 
the triple-point mixture, dissolving at temperatures below 56° 
and noting the freezing-point. The maximum depression was, 
as stated, 0.2°. The difference in composition between these 
two points must also be extremely small, since on cooling a large 
amount of the melted oximes it was impossible to observe the 
second—i. e. the eutectic point—by plotting time-temperature 
results. Here again the temperatures observed when different 
amounts of 8 were added could not be plotted satisfactorily owing 
to the change of one form into the other; for this reason all nu- 
merical results on this point are omitted. 

After reaching the eutectic point it was possible by addition 
of the 8 form to have the freezing-point rise again, but never to 
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a greater extent than about 1.5°. The experiment requires a 
temperature below 60° for the complete solution of 8 in the 
liquid and a rapid determination of the freezing-point. Of course 
continued heating above 60° causes the freezing-point to fall 
rapidly to that of the triple point. 

It was now thought desirable to examine the relations when 
a third component was present. In the first instance, a sub- 
stance was chosen which could form a compound with one of 
the components, viz. hydrochloric acid. The oxime hydrochlo- 
ride is usually obtained as a white crystalline powder by passing 
dry hydrochloric acid gas into an ethereal solution of the 
oxime, but it may also be obtained as fibres by evaporation of 
an ethereal solution. An attempt was made to see if the com- 
pound, like both forms of the oxime, would melt below the so- 
called melting-point. The method used is the same as was used 
with the oxime and the results are given below: 


8 oxime hydrochloride at 129.5°—melted. 


-O sé 


117.5 in 5 minutes. 
“ 106.0° “ “i 25 4 
“ 99. 3° a “ 40 “ 
“ go. 2° uc “ 100 “ 
ac 82.0° “i “ 528 “ 


In every case the hydrochloride melted with decomposition, 
so that, from these results, no conclusions as to the existence or 
non-existence of a second modification would be justified. 

A number of experiments were made in the hope of obtain- 
ing another hydrochloride. Carefully dried hydrochloric acid 
gas was passed into solutions of the oxime in ether, benzene, 
and alcohol at temperatures ranging from — 20° to + 60°, but 
in all of these experiments the one product alone was obtained, 
viz. the 8 hydrochloride. Finally the gas was passed into the 
melted oxime at a temperature of 65°. The precipitate formed 
was washed with benzene and dried. It gave a melting-point 
of 117°. On boiling with benzene or on recrystallization from 
ether, however, it gave the melting-point of the 8 hydrochloride, 
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the other product of crystallization being the original oxime. It 
is very probable, therefore, that there is but one form of oxime 
hydrochloride, 

This is not in accord with the views of Hantzsch' from whose 
paper the following translation is made: “If now ordinary ani- 
santialdoxime and cuminantialdoxime in ether solution are 
changed by the action of hydrochloric acid gas into the hydro- 
chlorides, and the dried precipitates are covered with excess of 
an ethereal solution of ammonia, then, after filtering off the am- 
monium chloride formed, there will be obtained the original 
anisantialdoxime of M.P. 61° or the original cuminantialdox- 
ime of M.P. 58°; or, conversely, if one starts with the stereoiso- 
meric synaldoximes, then under quite the same conditions there 
is obtained the original oxime, anissynaldoxime of M.P. 130° or 
cuminsynaldoxime of M.P. 110°. There result, therefore. the 
different stereoisomeric hydrochlorides 


XC,H,CH and -*C+H,CH 
HONHCI CIHNOH 


which in external appearance and in chemical behavior may 
scarcely be distinguished from each other and which show their 
individuality only in the invariable regeneration of the oxime 
from which they are derived. Zhe change of the antialdoximes 
into the synaldoximes which has been mentioned does not there- 
fore take place here, tf, in splitting off the hydrochloric actd, water 
ts perfectly excluded. 

“Moreover these derivatives of pentavalent nitrogen are 
much more labile than those of the trivalent element, that is, 
than the oximes themselves. If, for example, the hydrochloride 
of anisantialdoxime be covered with not too great an excess of 
ethereal ammonia, or, preferably, if dry ammonia gas be led into 
absolute ether in which the hydrochloride is suspended, then the 
filtrate leaves behind almost pure anissynaldoxime; the cumin- 
synaldoxime under the same conditions leaves behind the cumin- 
antialdoxime; finally from either Anitrobenzantialdoxime or 


'Ber. chem. Ges. Berlin, 26, 929 (1593). 
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fp-nitrobenzsynaldoxime is obtained a mixture of both stereoiso- 
mers.” 

The results given above were sufficiently strange to warrant 
a repetition. It was found that in every case where the hydro- 
chloride was precipitated from absolute ether—whether there was 
used a solution of the pure a, pure 8, or of a mixture—and where 
dry ammonia gas was passed into an amount insufficient to pre- 
cipitate all the hydrochloric acid as ammonium chloride, that 
the crystals which appeared first were those of the synaldoxime. 
When, however, an excess of the ammonia was used, the crystal 
product was a mixture, the a form predominating. It would 
therefore appear that the action of ammonia is directly opposite 
to that of the acid—the tendency of the former being to make 
the a the stable form, while the acid favors the formation of the 
8. This is in direct confirmation of the results of Goldschmidt 
and Roder’ on the benzaldoximes, if we assume, as seems posi- 
tive, that no ammonium salt of the oxime is possible. Perhaps 
also Hantzsch has laid too great stress on the presence of water 
as preventing the change of the anti-into the syn- forms when 
the experiments he quotes show that the change may take place 
even when water is entirely absent, if the ammonia is not present 





in excess. 

In his work on the equilibria of stereoisomers, Bancroft? has 
included in his general treatment a discussion of the results 
which are to be expected in the system, a and 8 aldoximes and 
hydrochloric acid, if the 8 alone form the compound. It had 
been hoped that it would be possible to pass along the curve of 
stable equilibrium for the three-component system. This has 
not been realized owing to the tendency of the 8 hydrochloride 
to decompose. 

Starting with the composition represented by the triple 
point, the writer added the oxime hydrochloride to this to the 
amount of two percent. This dissolved readily at about 70° and 
gave a freezing-point of 55.60°. Heating at 65° for some time 





' Ber. chem. Ges. Berlin, 28, 2013 (1894). 
* Jour. Phys. Chem. 3, 144 (1899). 
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lowered the freezing-point to 54.98°; but this was the lowest 
freezing-point obtainable. It was evident, therefore, that the 
curve of stable equilibrium, if it rises toward the stable triple 
point as required by the theorem of van Ryn van Alkemade, 
must have ended before the concentration of the hydrochloride 
has reached two percent. It is probable that the first addition 
of the salt had taken the system at once into the field where the 
8 hydrochloride exists as solid phase. Further measurements 
confirmed this view but it was impossible to carry them far 
enough to be of service. The possibility of securing quantita- 
tive results in systems such as these is not very hopeful and 
until there are found cases where the change from one isomer 
into another takes place so slowly as to be measurable, qualita- 
tive data alone must suffice. 

Experiments were now made to determine the effect on the 
equilibrium of a third component which does not react with 
either of the modifications. The solvents chosen were alcohol, 
acetone, benzol, toluol, xylol and petroleum ether. In all of 
these the 8 is the less soluble, and in every case it has been found 
that after heating the 8 form with these solvents in sealed tubes, 
the temperature of heating lying above that of the boiling-point 
of the solvent, and the time of heating being never less than an 
hour, the melting-point of the crystals left invariably lay lower 
than that of the 8 oxime. This proves that in all these solvents 
the reaction proceeds in such a manner as to form a oxime. It 
was noticed in repeating the work of Goldschmidt by heating 
three tubes of the 8 dissolved in absolute alcohol for one hour, 
that the melting-point of the crystal product (which, of course, 
was not crystallized fractionally) had fallen to 117°, 118° and 
120°. Further heating for an hour anda half gave melting- 
points of 85°, 85° and 86.5° showing that the reaction which 
Goldschmidt noticed at 150° also occurs at 100°, although the 
velocity of change is lower. 

In benzol and toluol solutions, the rate of change is quite 
low. The 8 boiled for three hours with benzol showed a melt- 
ing point of 111°; when boiled for seventy minutes with toluol 
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a melting-point of 127°, and when a solution in acetone was 
boiled for two hours a melting-point of 62° was obtained. The 
temperature of heating when a solvent is present is not the only 
factor in determining the equilibrium, but the specific nature of 
the third component in respect to its solvent action on the two 
different forms must also play a very great réle. The experi- 
ments with the benzol and toluol solutions, which have just been 
mentioned, explain why these solvents are so effective in the 
separation of the 8 from the a form—not merely is there a great 
difference in the solubility of the two forms in these solvents, 
but the rate of change of one form into the other is so slow as 
to allow of practically complete separation. It would have been 
interesting to have determined, further, whether the use of 
a solvent in which the 8 was the more soluble form would have 
reversed the stability of the modifications. Unfortunately there 
has been discovered no solvent which does not react with the 8 
where the latter form was more soluble. 

Attention may now be directed to the manner in which the 
results of the consideration of these different stereoisomeric 
forms may be adapted to laboratory experience. 

(1) If one has in hand a product from which the different 
fractional crystallizations show always the same percentage com- 
position, and the same melting-point, and which has a freezing- 
point different from the initial melting-point (decomposition ex- 
cluded) there is then very strong evidence for the existence of 
two modifications of this particular compound. If the freezing- 
point lies higher than the melting-point, the product in hand is 
instable; if it lies lower, either the stable or instable forms may 
form the initial material. Under ordinary circumstances the 
stable form will be the one first discovered. 

(2) The instable modification may not be discovered with- 
out making use of a third component. This may reverse the 
stability relations either by mere solvent action or by forming a 
compound. The first case is readily tested by examining the 
whole crystal mass left after complete evaporation of the solvent. 
Should the melting-point have changed at all, this is a proof 
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that the continued action of the solvent may produce a separa- 
tion. That it does not change is no proof of the non-existence 
of the isomer. 

Should no separation be possible in this way, make, if possi- 
ble, an additive compound from the initial product, and ascertain 
if this also has a melting-point which varies with the time of 
heating, or which is different from the freezing-point (decompo- 
sition again excluded). If either of the latter phenomena are 
observed, the existence of a second compound is very probable. 

In this compound the stability relations may be displaced. 
In this case, the choice of correct conditions as to how,.to split 
off the third component can be determined readily, the main 
point which is to be observed being that the reaction must take 
place at a temperature where the change of one form into an- 
other is not noticeable. The formation of the 8 modifications 
of benzaldoxime and paraanisaldoxime illustrates this case, the 
yields being greater the lower the temperatures at which these 
forms are isolated. The correct choice of solvent is essential, but 
at present there are no data which can be of any general service 
on this point. ; 

It is possible that in the compound the stability relations 
may not be reversed. Even in this case it may be possible by 
working rapidly and at very low temperatures to obtain the in- 
stable compound and, as in the previous case, the instable modifi- 
cation of the original material. 

We shall give only two references to illustrate these rules. 
Hill and Allen' in speaking of the melting-points of certain 
products state that they were taken “at ordinary speed,” and to 
explain this refer back to an article by Hill and Palmer’, where 
these scientists noted that monobrommaleic and dibrommaleic 
acids give different melting-points, according to the time of heat- 
ing. For instance monobrommaleic acid melts in 0.7 minute, 
in a bath at 143°, in 1.3 minutes at 133°, in 4.5 minutes at 125°, 
in 8 minutes at 121°, and, according to Kekulé,} begins to soften 

' Am. Chem. Jour. 19, 666 (1897). 


2 Ibid. 10, 422 (1888). 
* Liebig’s Ann. 130, 6 (1864). 
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at 100°. Taken “at ordinary speed” the melting-point is given 
at 129°-130°. If decomposition does not take place, one who 
knows the Duhem theory could at once state that such behavior 
points plainly to the existence of an isomer. The probable ex- 
planation is that the other isomer is bromfumaric acid of M.P. 
190°, that it is stable at the higher temperatures, and that the 
eutectic point lies below 100°. Similar statements might be 
made with respect to the mono- and dichlormaleic acids which 
also show melting-points varying with the time of heating. 

That the solvent may be of service in discovering another 
form is shown very plainly by the work of Goldschmidt and 
Rietschoten' who examined the action of various reagents on the 
oximes. The latter were dissolved, usually in ether, and the re- 
agent added. In the case where it was necessary to let the mix- 
ture stand for some time in order to obtain a solid product—when 
paraanisantialdoxime was treated with phenylceyanate or with 
orthotolyleyanate; when orthoanisaldoxime or cuminantialdox- 
ime reacted with phenylcyanate or with ortho-or paratolylcyanate ; 
paranitrobenzantialdoxime with orthotolyleyanate and meta- 
nitrobenzantialdoxime with orthotolyleyanate—not once is it 
recorded that a second modification was discovered. But in 
almost every case where the compound was precipitated at once 
when the reagent was added—phenyleyanate or orthotolyleyan- 
ate to paraanissynaldoxime, paratolyleyanate to both the anisal- 
doximes, there was always found an isomer. This latter was 
always discovered in the same way, viz. by boiling the precipi- 
tate with a solvent. In regard to the action of paratolylcyanate 
on metanitrobenzsynaldoxime we must note that a precipitate 
was formed but no mention is made of any attempt to discover 
the other form. 

It appears strange that Goldschmidt and Rietschoten did 
not note the relations we have just discovered from a considera- 
tion of their own work. Had they chosen other solvents for 
their oximes, they undoubtedly would have discovered more of 
the isomers for which they were looking. For their paper 


: Ber. chem. Ges. Berlin, 26, 2087 (1893). 
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proves conclusively that sudden precipitation favors the instable 
modification; and from this the stable form may be very readily 
derived. 

It follows, therefore, that papers such as the one just dis- 
cussed offer absolutely no proof as to the non-existence of isomers 
of certain compounds, and all arguments in regard to constitu- 
tion which have as their basis experiments showing that under 
one set of conditions certain isomers cannot exist, must be re- 
garded as useless. 

This means that, sooner or later, space formulae asa system 
of explaining physicochemical reactions may be attacked from 
the standpoint of the Phase Rule and the modern idea of the 
chemical potential. 


Cornell University 








ON THE RELATION BETWEEN PRESSURE 
AND EVAPORATION 


BY EDWIN H. HALL 


Many years ago’ Thomson showed that the maximum vapor 
pressure in contact with the concave surface of a liquid, elevated 
by capillary action, must be less than the maximum pressure 
over a flat surface of the liquid at the same temperature. Max- 
well’s reference to this matter leaves it to be supposed that the 
diminution of vapor-pressure is due directly to the curvature of 
the surface in the tube. 

But, according to views set forth by Poynting,’ the maxi- 
mum pressure of a vapor in contact with its liquid at a given 
temperature is dependent upon the total pressure to which the 
liquid is subjected; and Poynting attributes the smallness of the 
pressure above a concave surface to the small pressure borne 
by the liquid just beneath the surface. However sound Poynting’s 
theory, his statement of it at this point lacks clearness; for the 
fact is apt to stick in the mind of the reader that evaporation 
and condensation occur, if at all, a¢ the curved surface, and that 
this surface is subjected to the full pressure of the atmosphere ; 
so that the pertinence of referring the state of the vapor to the 
state of the liquid beneath the surface is not obvious. 

Le Blanc,} although he does not mention Poynting, main- 
tains an opinion similarto that expressed by the latter, and gives 
conclusive arguments in favor of it. He refers to an article by 
Schiller* on the same subject. 


' See Maxwell’s Heat. 

? Phil. Mag., July, 1881, and October, 1896. 
* Electro-Chemistry, 151, English edition. 
* Wied. Ann. 53, 396 (1894). 
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The special algebraic expression obtained below for the 
relation between temperature, vapor-density, and total pressure, 
may have been given before, although I do not remember to 
have seen it; but in any case I hope that the method of its deri- 
vation, by following up a commonly neglected term in a familiar 
operation, will possess a certain interest. 

Nernst, Z7heoretische Chemie, p. 510 of the first German 
edition, derives the “equation of the reaction-isotherms,” 


c/ C,/T9 a eeeeeececes 


K , Se st — = constant, 


es c,™ eccces cocecce 


in the following manner: Starting with a mixture in which the 
reaction occurs according to the scheme, 


via, Va, +e nA, nA, T °s<—— 

v/a, +a +... +A! + HA,’ + -<., 
where every a refers to a solid or to a liquid which does not mix 
with the other substances present and every A to a gaseous or 
dissolyed constituent, every » to the number of gm. mol. of its a 
entering into the reaction and every w# to the number of gm. 
mol. of its A entering into the reaction, the whole being con- 
tained in a vessel of unchanging volume, Nernst imagines the 
reaction to go on from left to right with no change whatever in 
the condition of the reaction mixture, the left-hand constituents 
being forced in as fast as they are consumed by the reaction and 
the right-hand constituents forced out as fast as they are pro- 
duced. The whole operation, being carried on reversibly and 
isothermally, gives the same amount of work which would be 
given by any other reversible isothermal process proceeding 
from the same initial to the same final conditions. Nernst writes 
this amount of work thus, 


F RT( x lnc, — nlne, «++ — ni{lne! — nJlnces — «++), 
whence 
Pied ae eeeeeree 


F— RT/n “s ——— 


- My Dy 
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RT/nK, (1) 


' 
where each ¢ is the concentration of the corresponding A in the 
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mixture. Then, as F, however the individual ¢’s may vary, is 
a constant, K must be a constant; which was the proposition 
to be proved. 

A close examination of the conditions given by Nernst 
shows, however, that the value of F above given is not, in gen- 
eral, true. The full expression for F is 


F — RT/K — RT(N — N’) —P(V — V’), (2) 
where 
N=2,-+ #, + «+. 
N’ = 2)’ + 2,’ eee 
V— volume of v,a, 14, cee, 
V’ - ** v/a,’ +a, a 


P total pressure per unit surface within the reaction mixture. 


In this amended equation, (2), the terms F and RT(N — N’) 
being constant at constant T, the only impeachment of the con- 
clusion that RT/”K, and so K, is a constant, lies in the variation 
of the term P(V —V’) with changeof P. This change, though 
usually small, since the whole term P(V — V’) is likely to be 
small, is unquestionable, and we must conclude that K, as de- 
fined by Nernst with reference to the c’s only, is not strictly a 

*The initial condition of the A constituents outside the reaction vessel, and 
the final condition of the A’ constituents outside the reaction vessel, is unit 
concentration, in gas or solution. The reversible, isothermal introduction of 
2, gm. mol, of A,, forexample, into the reaction-vessel involves, first, isothermal 
expansion from density 1 to density ¢,, yielding — ”,RT/nc, units of work ; sec- 
ond, injection at constant density ¢, through a semipermeable partition, ab- 
sorbing #,RT units of work. The net amount of work obtained from this op- 


eration is —”,RT(/uc, ~ 1). Similarly, the net amount of work obtained by 
the ejection of 2,’ gm. mol. of A,’ at constant density c,’, and its subsequent 
compression to density 1, is 7,/RT(duc,’ — 1). The equation (1), which accord- 


ing to Nernst shows the amount of work accomplished in the whole operation, 
ignores the fact that S$”, or N, is not necessarily equal to $7’, or N’. We are, 


however, not concerned with this inaccuracy, which is, by the way, elimi- 
nated in Nernst’s derivation of the equation for the ‘‘ veaction-isochor.”’ The 
term P(V’ — V), which appears in (2), obviously gives the net amount of ex- 
ternal work obtained from the injection and ejection of the solids or non-misci- 
ble liquids which take part in the operation. This amount of work is expressly 
put aside by Nernst as ‘‘ xatiérlich gleich Null; but it is the especial point 
of the present discussion. 
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constant at constant T. Let us, therefore, take as the real 
equilibrium constant 
I MY Me PETS 


C K > hvik v2 eevee 


K x &, (3) 
where 4, bears the same relation to a, that c, bears to A,, etc. 
Substituting now for K in (2), we get 


F — RT(/nC — Ink) —RT(N — N’) — P(V—V’). (4) 


At constant temperature the only variable terms in this equa- 
tion are RT/zé and P(V — V’). Hence at constant temperature 


RT/xnk P( V Vv’ ) B, ( 5 ) 
where B is a constant as regards P. 
From (5) we get 


P(V'—V)-B bh... P(V—V')—B 

é—* RT or —— € RT 

7 ’ a I eee ’ (6) 
' 


where ¢€ is the Napierian base. 

Let us apply equation (6) to the case of a single liquid or 
solid in the presence of a gaseous phase consisting of the satu- 
rated vapor of this liquid or solid together with any number of 
other gases neutral to the first substance, the condensed phase 
of this substance being forced into an inclosure as fast, by weight, 
as its vapor is withdrawn, the “reaction” being simply evapo- 
ration. In this case V’ =o, v, = 1, and, if 7, is the volume of 1 
gin. mol. of the substance in the condensed phase, we get from (6) 

Pv, —B Pv, 6 
k=< OF ; O #&, =e SEX et. (7) 
where 4 B. 

It will be remembered that B, and so 4, is independent of 
P. Hence the last equation may be written 

Pr, 
ko €RT » e M(t) , (8) 
/(T) being some function of T. 
Taking, for example, ice at 10° Cas the condensed phase, 
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and reckoning in atmospheres and liters, we get for the vapor- 
density of water over the ice 


P 





k, € 110 < e/(T) (9) 
. P e 
when P is very small, € 100 = approximately 1 
re ri I atmos, = x 1.0009, 
“a - “ “ 0018. 
a ~ to ” 3 se 1.0950. 
In the presence of liquid water at o° C, we should have 
P vie 
k =€ 1240 » e/(T) | 
I 


where /(T) is not the same as in equation 
(9). In this case 


P 
when P is very small € 1240 = approximately 1 


“es ae 


I atmos, ae 


1.0008, 
oe oe 2 oe es oe 1.0016, 
‘6 “ 400 “s ‘< ss 1.0840. 


Of course, the same results can be found without any refer- 
ence to the general “‘equation of the reaction-isotherm.” 
Cambridge, June 1, 1899. 

















THE ELECTRICAL CONDUCTIVITY OF NON- 
AQUEOUS SOLUTIONS: 


BY AZARIAH T. LINCOLN 


A preliminary report on the electrical conductivity of non- 
aqueous solutions by Professor Kahlenberg and myself has ap- 
peared in an article entitled “The Dissociation Power of Sol- 
vents.”? I have since been engaged in investigating the subject 
further, and desire in this present article to present the experi- 
mental results that I have obtained and also to inquire what the 
bearing of these facts is upon the theory of electrolytic dissocia- 
tion as promulgated by Arrhenius, and to determine to what 
extent this theory can be applied to non-aqueous solutions. In 
view of the fact that Arrhenius’ theory is not accepted by a large 
number of chemists to-day, and in the face of the data that have 
been collected, one may well hesitate to apply this theory to non- 
aqueous solutions until there is a sufficiently firm experimental 
basis to justify it. Auxiliary theories have been promulgated 
to explain the facts presented by numerous investigators, and an 
attempt will be made to show to what extent these theories are 
compatible with the experimental results herein presented. 

In an investigation of the electrical conductivity of non- 
aqueous solutions, the chief requirement is that both the solvents 
and the dissolved substances be absolutely free from water. To 
accomplish this is not an easy task. Then, too, the question 
arises as to what anhydrous salts are soluble in the various sol- 
vents. In many cases this could only be answered by experi- 


‘From the author's thesis for the degree of Doctor of Philosophy, pre- 
sented to the faculty of the University of Wisconsin, June, 1899. Published in 
full in the Transactions of the Wisconsin Academy of Sciences, Arts, and Let- 
ters, Vol. XII, pp. 395-453. 

*Jour. Phys. Chem. 3, 12 (1899). 
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ment. The qualitative results previously published were con- 
fined to ferric chloride, antimony trichloride, bismuth trichloride 
and mercuric chloride. In addition to these, salts of other heavy 
metals have been employed in this investigation. Even when 
these salts were readily soluble, conducting solutions were not 
always obtained. In order to determine what solutions conduct 
and to estimate roughly at least the relative magnitude of the 
conductivity, it was necessary to perform an elaborate series of 
qualitative experiments to ascertain what solvents vield solutions 
having a conductivity sufficient to justify quantitative measure- 
ments. 

The method employed in making these tests has been pre- 
viously described. The solvents were all of the C. P. variety 
of standard makes. The salts employed were absolutely anhy- 
drous and the method employed in their preparation and dehy- 
dration will now be given. The preparation of cupric chloride, 
mercuric chloride, stannous and aluminium chlorides, stannic 
chloride, arsenic trichloride, and the trichloride of phosphorus 
has been previously described. A C. P. sample of lithium 
chloride from Merck was dehydrated for several days at a tem- 
perature not to exceed 120°. It was then removed to a mortar, 
thoroughly pulverized and then replaced in the air-bath for 
about a day longer. The following salts were recrystallized 
several times and then dehydrated in the manner just described : 
manganous chloride from Merck, chlorides of nickel and cad- 
mium from Schuchardt, and cobaltic chloride from ‘Tromms- 
dorff. The C. P. samples of lead nitrate and mercuric iodide 
from Merck, mercuric cyanide from Trommsdorff, and zine 
chloride from Kahlbaum, were dehydrated in the manner similar 
to that just described. The silver cyanide was prepared from 
potassium cyanide and silver nitrate by Professor Kahlenberg, 
who dehydrated it and upon subsequent analysis found it to be 
pure. — 

Since the qualitative determinations throw some light upon 
the dissociative power of the solvents, the following additional 
results are given in Table I. In the first two columns are given 
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the names and formule of the solvents. In the next eighteen 
columns is indicated whether the solutions of the salts whose 
formule head the respective columns, conduct electricity. 
When the solution conducted so poorly that no deflection of the 
galvanometer needle was observed, the fact is indicated by the 
minus sign (—). The plus sign (~— ) indicates that the solution 
did conduct. The addition of the interrogative sign to the 
plus sign (+?) indicates that a very slight movement of the 
needle was detected; and when the plus sign is followed by the 
exclamation mark (~ !), this indicates that the solution conducts 
sufficiently well to make a qualitative determination desirable. 
Blank spaces indicate that determinations were not made, and 
the letter i indicates that the salt was insoluble in the solvent 
or very difficultly soluble. In the last two columns respectively 
are given the dielectric constants and the coefficients of associa- 
tion of the solvents. The data in these two columns are as com- 
plete as could be obtained from the literature." The letters R 
and § refer to the article by Ramsay and Shields’ as authority, 
R and A to the work of Ramsay and Aston,’ and D and F to 
that of Dutoit and Friderich.* The letter V designates deter- 
minations by Vollmer, C by Carrara, and S by Schlamp. 

As many quantitative determinations of the conductivity of 
alcoholic’ solutions have been made, it was unnecessary to make 

'Thwing. Zeit. phys. Chem. 14, 286 (1894). Drude. Zeit. phys. 
Chem. 23, 308 (1897). 

? Jour. Chem. Soc. 63, 108g ( 1893). 

' Tbid. 65, 168 ( 1894). 

‘ Bull. Chim. Soc. Paris, (3) 19, 321 (1898). 

1) Carrara. Gazz. Chim. Ital. 24, I], 504. (Ref.) Jour. Chem. Soc. 68, 

ii, 302 (1895); Ibid. 26, I, 119. (Ref.) Jour. Chem. Soc. 70, ii, 511 (1896) ; Ibid 
27, I, 422. (Ref.) Jour. Chem. Soc. 72, ii, 473 (1897). (2) Cattaneo. Rend. 
Accad. Line. (5) 4, II, 63, 73 (1895). (Ref.) Jour. Chem. Soc. 72, ii, 537 ( 1897). 
3) Cohen. Zeit. phys. Chem. 25, 1 (1898). (4) Fitzpatrick. Phil. Mag. (5) 
24, 322 (1887). (5) Holland. Wied. Ann. 50, 261 (1893). (6) Kablukoff. 
J. Russ. Chem. Soc. 23, 391. (Ref.) Jour. Chem. Soc. 64, ii, 151 (1893). 


(7) Pfeiffer. Wied. Ann. 26, 31 (1855). (8) Schall. Zeit. phys. Chem. 14, 
zor (1894). (9) Schlamp. Zeit. phys. Chem. 14, 273 (1894). (10) Vollmer. 
Wied. Ann. 52, 328 (1894). (11) Zelinsky and Krapiwin. Zeit. phys. Chem. 


21, 35 (1806). 
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Solvent 


Methy! alcohol 
Ethy1 alcohol 
Propyl alcohol 
Allyl alcohol 
Benzyl alcohol 
Benzaldehyde 
Salicylic aldehyde 
Furfurol 

Acetone 
Methyl-propyl ketone 
Acetophenone 
Ethyl acetate 
Ethyl monochloracetate 
Ethyl cyanacetate 
Ethyl] acetoacetate 
Ethyl benzoate 
Ethyl oxalate 
Ethyl nitrate 
Amy] nitrite 
Nitrobenzene 
o-Nitrotoluene 


Aniline 


Xylidine (meta asym. ) 
Benzonitrile 

Pyridine 

Piperidine 

Quinoline 

Phosphorus trichloride 
Tin tetrachloride 


Azartah T. Lincoln 


TABLE I 


Formula 


CH,OH 
C,H,OH 
CH,(CH,),OH 
C,H,OH 
C,H,CH,OH 
C,H,.COH 
C,H,CHO.OH 
C.H,O, 
(CH,),CO 
CH,C,H,.CO 
CH,COC,H, 
CH,COOC,H, 
CH,CICOOC,H, 
CH,CN.COOC,H, 
CH,CO.CH,COOC,H, 
C,H,COOC,H, 
(COO.C,H,), 
C,H,NO, 
C.H,,NO, 
C,H,NO, 
C.H,.CH,NO, 


C,H,NH, 


C,H,(CH,),.NH, 
C,H.CN 

C.H,N 

C,H,,N 

C,H,N 

PCI, 

SnCl, 


AICI, 
Crcl, 


MnCl, 


ZnCl, 


CoCl, 





NiCcl, 




















Cuso, 
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CuCl, 


CdCl, 


—- 


AsCl, 
SnCl, 


Pb(NO,), | 


Hg(CN), 


TABLE I— 


Hgl, 


AgN¢ ). 





Lt 


( Continued ) 

Dielectric Coefficient 
-|- constant of 
y ™ (Air 1) association 


V 32.65 Teres’n 3.43 R and 
V 25.7 Rosa 2.74 Rand 
S 20.8 Thwing 2.25 R and 
i a6 ™ .88 RandS 
! 10.6 Drude 

14.48 Thwingo.97 R andS 
19.21 2 


S 
S 
S 


- 


— 


+! 39.4 Drude 


C 21:85 Thwing1.26 RandS 

i 1675 *“ 1.11 RandS 

+-(?) 16.4 iy 1.10 RandS 
6.5 Teresh’no.gg RandS 


i 26.7 Drude 

a) =, ia 0.96 RandS 
i 6.5 Teresh’n 

(?) 

i 17.72 Thwing 


49-93) RandS 
(1.13) 


32.19 * 

i |26.58 ‘ 
(7.5 Teres’n 
{ 7.1 


5 Drude ‘*°> RandS 
5 


40.97 Rand S 
}1.00 Traube 
0.93 RandS 
1.08 RandS 
0.81 RandS 
1.02 RandS 


26.0 Drude 
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qualitative tests in this connection. Solutions of lithium chlo- 
ride in salicylic aldehyde conducts very well. The specific in- 
ductive capacity of furfurol would indicate that this solvent 
would yield solutions that conduct; and such is the case. The 
dissociative power of the solvents has been previously considered 
and consequently there are but few additions to be made to what 
has already been given. Silver nitrate is quite soluble in aniline 
and xylidine and both yield solutions that conduct very well. 
A large number of other tests were made which were too detailed 
to be included in these tabulated results. Suffice it to say, how- 
ever, that of the very large number of tests made both of organic 
and inorganic substances in these numerous solvents, there was 
not one instance when the solution conducted electricity, in 
which the dissolved substance was not an acid, a base, or a salt. 

The additional results of the quantitative measurements of 
the electrical conductivity will now be given. A resistance cell 
of the Arrhenius pattern with the electrodes about three milli- 
meters apart was used in making these determinations. The 
usual method of making the dilutions could not be employed 
owing to the small quantity of the solvents available. Into the 
resistance cell was introduced ten cc of the solvent by means of 
a carefully calibrated burette. The conductivity was measured 
and then a weighed portion of the salt was introduced, and when 
this was all in solution the conductivity was measured. Portions 
of the salt were successively introduced and the conductivity 
measurements made, until the requisite number of dilutions were 
made. 

In the following tables 7 represents the volume in liters in 
which one gram-molecule was contained and yw the molecular 
conductivity expressed in reciprocal mercury units. The meas- 
urements were made at 25° unless otherwise specified. The 
higher temperatures were obtained by heating the cell with its 
contents in a paraffin bath and the conductivity was measured 
as the temperature increased. 


ALLYL ALCOHOL 


A C. P. sample of allyl alcohol from Merck was treated with 
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poatssium carbonate, over which it stood for several days. From 
this it was distilled and the distillate treated with fused potas- 
sium hydroxide. The distillate from this was treated with caus- 
tic potash in contact with which it stood several days and it was 
then distilled. This distillate was redistilled twice and the con- 
ductivity determinations made as soon as possible. The specific 
conductivity was 6.5 * 107°. 


TABLE II 


Solvent: allyl alcohol 





Ferric Chloride, FeCl, Ferric Chloride, (7 = 20.02 at 25°) 
v be t p 
20.02 17.42 25° | 17.42 7 
53-7! 23-03 50 34-62 
115.60 32.15 73 43.63 
hele) 45.65 


BENZYL ALCOHOL 


The sample of benzyl alcohol employed was from Merck 
and was rectified by distillation. The portion used hada very 
constant boiling-point. Owing to the difficult solubility of the 
salts and the slight conductivity of solutions of this solvent, very 
few determinations were made. The specific conductivity was 


1.76 X 10° 
TABLE III 
Solvent : benzyl alcohol 
Ferric Chloride, FeCl, Ferric Chloride, (7 — 88.06 at 25° 
z be t BB 

88.06 2.62 25° . 2.62 
895.22 6.31 54 5.08 

85 6.46 

100 7-19 


PARALDEHYDE 


The sample of paraldehyde from Kahlbaum was distilled 
and the portion coming over at a very constant temperature was 


employed. The specific conductivity was less than 3.4 1077 
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TABLE IV 
Solvent: paraldehyde 











Ferric Chloride, Antimony Trichloride, Antimony Trichloride, 
FeCl, SbCl, (v= 5.57 at 25°) 
v » v - t M 
4.37 g.81 5.57 0.202 2" 0.295 
21.32 16.91 20.76 0.356 | 26.6 0.299 
42.52 | 18.76 | 61.16 0.532 || 29.0 0.298 
81.88 | 19.16 || 32.0 0.295 
183.11 16.51 
575-50 16.91 


SALICYLIC ALDEHYDE 
The sample of salicylic aldehyde from Schuchardt was rec- 
tified by distillation. The portion taken had a constant boiling- 
point and the specific conductivity was 5.98 « 107%. 
TABLE V 


Solvent : salicylic aldehyde 


Ferric Chloride,’ FeC1, Ferric Chloride, (7 = 20.39 at 25°) 
v B t B 
20.39 3-76 25° 3-76 
81.38 4.71 45 6.30 
220.74 5.60 50 6.73 
109 6.46 


FURFUROL 
The sample of furfurol from Merck was treated with fused 
calcium chloride, over which it stood for several weeks. It was 
then distilled and the distillate again distilled. The portion 
coming over between 156° and 158° at 744 mim pressure was 
collected and its specific conductivity was 2.4 * 1075. 


TABLE VI 
Solvent: furfurol 





ar Ferric Chloride, Ferric Chloride, Ferric Chloride, 





FeCl, (7 = 45.60 at 25°) (7= 45.60 at 25°) 

v “ t B» t a 
45.60 20.78 25° 20.78 ) i 47.96 
80.98 22.20 45 37.83 85 51.41 
149.21 26.42 55 40.98 95 56.07 
65 44.06 105 60.02 


' Apparently this did not quite all dissolve. After cooling it became a 
viscous mass. 
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METHYL-PROPYL KETONE 


The sample of methyl-propyl ketone employed was from 
Schuchardt and gave a specific conductivity of 9.5 x 1077. 


TABLE VII 


Solvent : methyl-propyl ketone 


Ferric Chloride, © Ferric Chloride, Ferric Chloride, Ferric Chloride, 
FeCl, FeCl, (v = 13.64 at 25°) (v7 = 13.64 at 25°) 

v pe v B t pe t pe 
13.64 | 28.25 111.13 | 41.59 a5” | 236.25 60° | 34.07 
22.83 | 31.07 164.43 46.15 49 33-47 70 35.60 
53-36 36.98 358.09 | 50.28 5° | 33-66 75 35-89 
100.71 2.76 1074.27 | 59.52 55 33-79 80 | 36.17 


CuCl, in less than 460.28 liters gave A= 5.22 x 10%. A 

resistance of 6000 olhms was introduced in the measuring. 
ACETOPHENONE 

A sample of acetophenone from Schuchardt was treated 
with barium oxide, over which it stood for several days, and then 
distilled. The distillate was redistilled and the portion coming 
over between 194° and 195° at 745 mm pressure was taken. 
The specific conductivity of this portion was 1.8 « 107’. 

TABLE VIII 


Solvent : acetophenone 


Ferric Chloride, Ferric Chloride, Ferric Chloride, 
FeCl, (v = 23.46 at 25°) (7 = 23.46 at 25°) 
a » t B t » 

23.46 10.28 25° 10.28 114° 27.49 

46.71 11.03 50 15.17 125 28.74 

65.77 11.59 65 17.52 135 28.85 

124.91 12.03 80 20.52 150 28.16 
292.98 13.08 100 23.90 

ETHYL MONOCHLORACETATE 


This solvent was a C. P. sample from Schuchardt, the boil- 
ing-point of which was 143.5°. The specific conductivity was 
less than 1.7 x 107° 








466 


Ferric Chloride, 
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TABLE IX 


Ferric Chloride, 


Solvent : ethyl monochloracetate 





Antimony Trichloride, 


FeCl, (v= 7.76 at 25°) SbCl, 
v pe t Be v B 
7.76 12.45 2s” 12.45 25 0.174 
14.96 13.14 50 | 15-21 11.49 0.201 
19.18 | 13.49 | 55 | 15-77 44.73 | 0.337 
22.09 13-75 67 | 16.28 Cupric Chloride, 
45.63 14.78 80 | 16.28 CuCl, 
92.05 16.38 92 | 15.61 z B 
152.55 17.88 100 14.73 13.32 1.24 
110 13.11 


The CuCl, did not quite all dissolve ; so A = 1.33 * 107°. 
ETHYL CYANACETATE 
This solvent was a C. P. sample from Schuchardt and was 


rectified by redistillation. The boiling-point was very constant, 
and the portion collected came over between 203° and 203.5° at 


‘ — it 
744 mm pressure. The specific conductivity was 3.7 < 1077. ) 
TABLE X 
Solvent : ethyl cyanacetate 
Silver Nitrate, Ferric Chloride, Ferric Chloride, Cupric Chloride, 
AgNO, FeCl, (v= 15.30 at 25°) CuCl, 
2 pe v ld t » v B 
10.62 | 4.19 15.30 8.88 95° 8.88 29.85 7.00 
19.00 | 4.78 19.72 8.99 49 13.40 41.67 7.50 
28.30 5.29 27.08 9.29 60 15.85 59.40 $8.08 
58.57 6.46 44.64 9.80 75 20.14 97.77 | 12.80 
110.97 7.66 185.22 | 11.57 57 22.44 
100 24.83 
125 29.49 
150 38.70 


ETHYL OXALATE 


This solvent was a C. P. sample from Merck, and its specific 
conductivity was 7.12 


come 
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TABLE XI 


Solvent: ethyl oxalate 


Ferric Chloride, Ferric Chloride, Ferric Chloride, Ferric Chloride, 





FeCl, FeCl, (v= 13.15 at 25°) (v— 13.15 at 25°) 
v B v Be t a t BB 
13.15 | 5.88 94.79 | 6.25 25° | 5.88 75° | 10.15 
22.07 | 5.89 342.85 | 7-70 50 8.11 100 11.14 
42.29 | 5.92 62 9.21 125 9.55 


(At 148° solution began to boil.) 
ETHYL BENZOATE 


This sample was a C. P. sample from Trommsdorff, and its 


specific conductivity was about 1.8 * 10 
TABLE XII 


Solvent : ethyl benzoate 


Ferric Chloride, Ferric Chloride, 


FeCl, (v = 29.54 at 25°) 
ra liad 
29.54 1.55 as* 1.55 
174.28 1.61 56 1.16 
517.21 1.91 75 0.82 
100 0.45 


AMYL NITRITE 
This solvent was a C. P. sample from Schuchardt, and its 
specific conductivity was 1.8 < 1077. 
TABLE XIII 


Solvent: amyl nitrite 








Ferric Chloride, Ferric Chloride, Ferric Chloride, 
FeCl, FeCl, (v= 21.34 at 25°) 

v pe v B t Be 
21.34 1.54 104.64 2.29 25° 1.54 
29.03 1.63 264.16 3.00 50 1.13 
38.74 1.7 644.56 3-73 55 1.08 
69.46 2.02 64 1.21 


(At about 70° the solution began to boil.) 
NITROBENZENE 
The sample of nitrobenzene employed was from Kahlbaum 
and was prepared from crystallizable benzene. The specific 
conductivity was less than 3.5 x 107’. 
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TABLE XIV 


Solvent : nitrobenzene 


Bismuth Trichloride, Bismuth Trichloride, Aluminium Chloride, 








BiCl, BiCl, AIC],! 
v BM z 7 B 
8.50 0.80 | 68.04 | 1.03 4.69 3.67 
17.01 0.91 | 136.07 1.07 9.38 4.51 
34.02 0.96 272.14 1.11 


ORTHO NITROTOLUENE 
The C. P. sample of this solvent employed was from Kahl- 
baum, and the specific conductivity was less than 1.8 « 1077. 
TABLE XV 


Solvent : ortho nitrotoluene 








Ferric Chloride, Ferric Chloride,” Antimony Trichloride, 
FeCl, (7 = 10.91 at 25°) SbCl, 
ob id t # v mn 
10.94 8.37 25° 9.39 3.40 0.056 
16.38 9-44 | 46 1r.9g8 | 6.55 0.088 
25.99 10.74 60 12.97 19.82 0.244 
74.28 13.32 70 12.92 | 34.10 0.389 
201.43 15.24 80 12.67 |Mercuric Chloride, HgCl, 
go 12.12 v - 
100 11.46 105.43 | 0.628 


META NITROTOLUENE 


The C. P. sample of this solvent was from Kahlbaum, and 
the specific conductivity was less than 1.8 < 107’. 
TABLE XVI 


Solvent: meta nitrotoluene 





Ferric Chloride, Ferric Chloride, Ferric Chloride, 
FeCl, (v — 10,86 at 25°) (7 = 10.86 at 25°) 
v B t B t B 

10.86 6.86 25° 6.86 80 | 15.66 

46.93 11.10 50 12.28 go 17.35 

84.77. | 12.55 60 13.05 100 18.20 

448.14 19.00 70 13.82 125 16.80 
814.81 18.20 





' Aluminium chloride dissolved with evolution of heat. When the solu- 
tion was diluted the evolution of hydrochloric acid gas was very perceptible, 
and for this reason no further determinations were made. 

? This solution remained in the resistance cell for two hours before the 
determinations were made. 
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BENZONITRILE 
The C. P. sample of this solvent employed was from Tromms- 
dorff, and the specific conductivity was I.g *« 107°. 
TABLE XVII 


Solvent : benzonitrile 


Silver Nitrate, Siiver Nitrate, Silver Nitrate, Silver Nitrate, 





AgNO, AgNO, (v = 2.09 at 25°) (v = 2.09 at 25°) 

v B 7 B t B t B 
2.09 | 3.37 58.98 11.19 25° | 5.55(?) 95° | 9.26 
9-43 5.18 83.92 13.41 50 6.75 105 9.65 
16.33 | 6.37 151.96 16.38 56 7.05 114 10.09 
24.06 | 7.66 301.21 | 18.20 65 7-59 125 10.69 
44.62 10.12 803.24 21.64 | 77 8.11 135 11.20 
87 8.75 150 11.70 


PYRIDINE 

The sample of pyridine from Konig was fractionated, and 
the portion distilling over between 106° and 117° was treated 
with fused caustic potash from which it was distilled. The dis- 
tillate was again treated with caustic potash, over which it 
stood for several days and was then distilled. The distillate was 
redistilled and the portion coming over between 113° and 114° 
at 742 mm pressure was employed in some of the following de- 
terminations. The specific conductivity was 7.6 « 1077. For 
other determinations a C. P. sample of the solvent from Kahl- 
baum was employed, and its specific conductivity was about 


7-5 X 1077 
TABLE XVIII 
Solvent : pyridine 
Ferric Chloride, Ferric Chloride, Ferric Chloride, Ferric Chloride, 
FeCl, A of solvent — 1.74 * 10-6. (v =6.06at25°) (v=6.06at 25°) 
v te ra Be 8 a zt BB 

( First Series (Second Series) 2s° 7.96 80° | 21.16 
6.06 7.96 45.52 6.32 54 16.50 85 22.71 
15.02 | 7.52 93.69 5.91 59 17.24 go 23.36 
24.56 6.85 159.55 5.57 65 18.23 95 24.12 
42.18 | 6.82 7O 19.59 100 24.80 
95-35 6.41 75 20.40 105 25.61 


110 25.61 
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Silver Nitrate, Silver Nitrate, Lead Nitrate, Mercuric lodide, 
AgNO, AgNO, Pb( NO, ), Hgl, 
v & v & v a v 
First Series || Second Series || 21.10 | 0.81 21.78 | 0.35 
7-55 | 24.07 392.28 | 40.16 || 55.96 | 1.57 93-61 1.39 
10.71 | 24.87 || 588.42 | 43.13 || 168.47 | 3.25 200. 12 2.70 
17.70 | 25.79 784.56 | 45.21 Cupric Chloride, Silver Tartrate, 
25.52 | 26.91 Silver Cyanide, | CuCl, C;H,O,Ag, 
27.43 | 27-29 _AgCN | : . # ee - 
37-32 | 27-96 v | 45.10 | 0.98 (340-74 14.64 
51.43 | 29.49 14.64 | 4.78 57-04 | 1.16 505.91 35.29 
60.90 | 30.17 24.52 5:94 |\Mercuric Cyanide, Cobaltic Chloride, 
93-71 30.83 35.40 | 5.42 Hg(CN), CoCl, 
140.57 36.21 100.47 | 6.16 v b v a 
393-01 | 6.47 5-35 | 0.012 74.06 | 0.20 
13.09 O.OI4 805.31 | 1.45 


357-42 | 0.153 


A solution of cobaltic chloride becomes deep blue at a tem- 
perature between 4o° and 50°. The following specific conduc- 
tivity determinations were made in order to ascertain whether 
the two differently colored solutions had the same conductivity. 


Aat 25° dat 55° 
Solvent 7.5 X 10-7 1.4 10 
Saturated solution of CoCl, at 25° | 2.9 « 107% 5.5 X 10 


PIPERIDINE 





AC. P. sample of this solvent from Kahlbaum was em- 
ployed, and its specific conductivity was less than 1.8 « 1077. 
TABLE XIX 


Solvent : piperidine 


Sil ver Nitrate, Silver Nitrate, Silver Nitrate, Silver Nitrate, 
AgNO, AgNO, (Vv = 4.24 at 25°) (v= 4.24 at 25°) 

v pe v ye t B& t pe 
4.24 0.368 10.50 0.O0gI 25° | 0.368 40° | 0.453 
5.25 | 0.277 15.62 0.043 30.5 0.391 45 0.478 
7-55 | 0.154 35 | 0-432 50 0. 508 


QUINOLINE 


The sample of this solvent employed was from Merck, and 
its specific conductivity was 3.7 ~ 1077. 
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TABLE XX 


Solvent : quinoline 


Silver Nitrate, Silver Nitrate, Silver Nitrate, 
AgNO, (v — 4.80 at 25°) (v = 4.80at 25°) 
v B t B t pe 
4.80 2.45 25° 2.45 || 85° 5.89 : 
9.60 2.79 50 4.67 104. 5-75 
34.92 2.80 || 62 5.20 124 5-77 
129.83 3.62 70 5.52 136 5-52 


Limiting values for the molecular conductivity can be ob- 
tained in aqueous solutions, but this is, however, generally not 
the case in non-aqueous solutions. A few examples of those sol- 
vents that yield solutions that conduct the best will be given to 
illustrate this. 
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Fig. I 

In Fig. 1 is plotted the molecular conductivity of various 
salts in methyl alcohol from the determinations of Vollmer at 
18°. The molecular conductivit: is represented by the ordi- 
nates and the cube root of the volume in which one gram- 
molecule of the substance was dissolved by the abscissas. The 
cube root of the volume was employed in order to represent the 
values for the more dilute solutions in the figure. In Fig. 2 are 
plotted the results of Zelinsky and Krapiwin determined at 25 


In most cases, it will be observed that limiting values are 
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reached, Cdl, being, however, an exception, Zelinsky’s and 
Krapiwin’s determinations for KI indicate that the curve would 
probably not become asymptotic and, therefore, no limiting 
value for » would be reached. Nevertheless, Carrara assigns 97 
as the value for ~,. Cohen has pointed out that the difference 
in the determinations of Zelinsky and Krapiwin and of Carrara 
may be attributed to the effects of the alcohol on the platinum 
black electrodes which they employ. In Fig. 3 is plotted the 
molecular conductivity of various salts in ethyl alcoholic solu- 
tions from the determinations of Vollmer at 18°. It will be 
noticed that the salts of the alkalies yield limiting values for y, 
while in the case of CaCl, there seems to be no tendency for the 
curve to become asymptotic. The same is true for Ca(NO.), 
and according to my determinations for FeCl, and SbC1. 
Carrara has calculated the values of uw, for a number of 
halogen salts from Campetti’s' determinations of the transfer- 


‘ Nuovo Cimento [3]35, 225. (Ref.) Jahr. der Elektrochemie, 1, 22 ( 1894). 
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Fig. 3 
ence figures of the halogens in methylic alcohol solutions. He 
finds these values to agree very closely with his own experi- 
mental results. In the following table are given these results 
and also the value of w, in water. 


TABLE XXI 
Values of pws 


In Methyl Alcohol 


Cl Br I OH 
H 133.80 eves 134.50 sees 
Li 77.30 eee sane rer 
Na 86.80 87.58 89.77 71.83 
kK 95-57 96.52 97-63 75-75 
NH, 96.24 99.93 105.25 82.00 
N(CH,), ewes ees 115.30 er 
N(C.H,), 95.76 96.62 113.76 g1.13 
S(CH,), 100.09 102.50 116.38 97-34 

In Water 

Cl Br I OH 
H 395.20 398.0 397-0 eee 
Li 110.00 eens Sone aime 
Na 119.40 122.2 121.4 216.2 
K 140.80 143.6 142.6 237.6 
NH, 140.6 143.4 142.6 230.0 
N(CH,), cues anes 115.6 cane 
N(C,H,), 102.4 105.2 104.2 199.2 
S(CH,), 117.8 120.3 119.3 214.0 
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From Campetti’s results Carrara calculated the rate of 
migration of the ions in methyl alcoholic solutions and the re- 
sults are given in the following table, which is taken from the 
Jahrbuch der Elektrochemie, 3, 13 (1896). 


TABLE XXII 
Speed of Migration 











In Methyl Alcohol In Water 
Cl Br I 
Li 27.83 aan are 39.8 
Na 37-33 37-33 37-33 49.2 
K 46.10 46.26 45.19 70.6 
NH, 46.77 49.49 | 53.81 70.4 
N(CH,), wires csoe | 63.08 43.6 
N(C,H,), | 46.29 46.36 | 61.34 || 32.2 
S(CH,), 51.43 49-85 | 63.94 | 47.6 
H 85.53 eens 82.50 325.0 
OH 32.00 170.0 
Cl 49.47 70.2 
Br 50.24 73.0 
I 52.44 72.0 
CH,COO 32.99 38.4 
CC1,COO 35.95 32.8 


Kawalki' found that the diffusion coefficient of a number of 
substances in ethyl alcohol is 0.34 times as great as in water. 
Vollmer from his work observed that the conductivity in ethyl] 
alcoholic solutions at 18° is approximately 0.34 times as great 
as in aqueous solutions, while his empirical factor for methyl] 
alcohol is 0.73. In general limiting values can be obtained for 
# in methyl and ethyl] alcoholic solutions except in the case of 
some salts of the heavy metals. 

In other alcoholic solutions no such uniformity seems to 
exist. This is perhaps best illustrated in the case of solutions 
in propyl alcohol. The molecular conductivity of solutions in 
this solvent is represented in Fig. 4. The determinations are 
from Schlamp’s* work. It will be noted that lithium salicylate 
is the only salt the conductivity of which appears to approach a 

' Wied. Ann. §2, 300 (1894). 

Zeit. phys. Chem. 14, 272 ( 1894). 
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limiting value. Schlamp does not hesitate, however, to assign 
values for #, in all cases, and from the plotted results this seems 
hardly justifiable. In the case of other alcoholic solutions, the 


70 


130 
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ws * 5 us 

Fig. 4 
experimental evidence is so meagre that no generalization can 
be made (See Tables II, III). 

The ketones were found to yield solutions that conduct 
electricity and this is in keeping with what the other investiga- 
tors' have found. 

Acetone vields solutions the conductivity of which is, in 
general, better than in the case of many of the other ketones. 
In Fig. 5 is represented the conductivity of a number of salts in 
this solvent. The results plotted are from the determinations of 
Carrara principally, while those designated L, are from Laszezyn- 
ski, and those with D from Dutoit and Aston. 

It will be noted that very few salts yield solutions in ace- 
tone that have limiting values for w. The values for two curves, 
for Nal and for N(C,H.) I, appear to indicate a decrease in the 
conductivity after certain dilutions are reached. The two curves 


*(1)Laszezynski. Zeit. Elektrochemie, 2, 55 (1895). (2) Carrara. Gazz. 
Chim. Ital. 27, I, 207. (Ref.) Jahr. der Elektrochemie, 4, 48 (1897). (3) Du- 
qoit and Aston. Comptes rendus, 125, 240( 1897). 
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plotted for KI apparently intersect at about «= 153. Laszezyn- 
ski thinks the value of 4, lies between 160 and 170. Assuming 
the former value he calculates the factor £ in the formula 
HAM + v) where (uw + 7) is the conductivity at infinite dilu- 
tion in water and sis a constant. The value of & he finds to 
be 1.3. If this method be applied to salts other than the one he 
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employed, KI,— to CdI, for instance,—it will be found that 
different values for & will be obtained. There is no such agree- 
ment between the limiting values for w in acetone and in water 
as Vollmer found to hold in the case of ethyl alcohol and water. 

In the other ketones the conductivity is not as great as in 
acetone, and while limiting values are obtained in some cases, 
they are of the same order as CdI, in acetone, that is, the value 
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of w remains virtually constant with the dilution. So in general 
limiting values in the ketones cannot be obtained. 

Laszezynski and Gorski' have measured the molecular con- 
ductivity of a number of salts in pyridine and their results are 
plotted in Fig. 6. They assign limiting values to w in the case 
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Fig. 6 

of NH CNS, NHI, KI, and Nal. It appears that the curves 
representing the conductivity of the solutions of these salts 
might become asymptotic. The values for AgNO, are my own 
determinations and these do not appear to approximate to a lim- 
iting value for , at least not in the dilutions at which the meas- 
urements were made. The conductivity of the other salts in 
pyridine is rather low and limiting values cannot, in general, be 
obtained. 

Silver nitrate in benzonitrile does not yield limiting values 
for w. The solutions in the other nitriles conduct well, but they 
do not generally vield limiting values for w. Ferrie chloride in 
nitrobenzene vields solutions in which the value of « approaches 
a limit. 

From the preceding it appears that there is no general uni- 


' Zeit. Elektrochemie, 4, 290 ( 1897). 
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formity of limiting values in non-aqueous solutions as is found in 
the case of aqueous solutions. 

The degree of dissociation in aqueous solutions is calculated 
from either the boiling-point or cryoscopic determinations or 
from the electrical conductivity of the solution. These methods 
yield concordant results, but in non-aqueous solutions this is not 
the case. 

In order to calculate the degree of dissociation from the 
electrical conductivity measurements it is necessary to know the 
value of w,. It has been pointed out in the preceding that lim- 
iting values for w are not always obtainable in non-aqueous solu- 
tions. In alcoholic solutions values for uw, can generally be 
found. In the following table from Woelfer are given the 
values of the degree of dissociation, a, in methylic alcohol solu- 
tions as calculated from the boiling-point determinations of 
Woelfer, and from the conductivity measurements of Vollmer : 


TABLE XXIII 
Values of a 


From From 

Salt Percent boiling-point conductivity 
LiCl 0.45 0.63 0.57 
KI 0.36 0.61 0.79 
Nal 0.44 0.87 0.74 
CH,COOK 0.48 0.48 0.63 
CH,COONa 0.40 0.49 0.63 


The degrees of dissociation in methyl alcoholic solutions as 
calculated from the boiling-point determinations, show closer 
agreement with those obtained from the conductivity determina- 
tions than in the case of the other alcoholic solutions. 

Salvadori’ found HgCl, to be more highly dissociated in the 
methyl alcohol according to the boiling-point determinations 
than in aqueous solutions. Beckmann? found the reverse to be 
true in ethyl alcoholic solutions. Jones and King? calculated 


' Gazz. Chim. Ital. 26, I, 237 (1895). (Ref.) Jour. Chem. Soc. 70, ii, 
712 (1896). 
* Zeit. phys. Chem. 6, 437 (1890). * Am. Chem. Jour. 19, 753 (1897). 
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the dissociation of KI in ethyl alcohol, from their boiling-point 
determinations, to be 25.4 percent ina 2 percent solution, and 
27.2 percent in a 3 percent solution, i. e. the dissociation in- 
creases with the concentration. Cohen," from the conductivity 
determinations at 18°, found the degree of dissociation of KI to 
increase with the dilution, being about 80 percent dissociated at 
a dilution of about 1ooo liters. This disagreement of the disso- 
ciation values obtained by these two methods will be made more 
apparent perhaps by Table XXIV, which is copied from 
Woelfer’s paper. The results by the boiling-point method were 
obtained by himself, those by the conductivity method by Voll- 
mer. 


TABLE XXIV 
Values of a 





Percent in From From 
Salt ethyl alcohol  boiling-point conductivity 

LiCl 0.9 | 0.35 0.32 
CH,COOK 1.07 0.18 0.27 
KI 0.78 0.29 0.49 
AgNO, 0.53 0.65 0.38 
Nal 2.14 0.27 0.45 
Nal 0.68 0.51 0.56 
CH,COONa 0.97 0.01 0.24 


It is to be remembered that these two sets of values are cal- 
culated from results obtained at different temperatures; in the 
case of the conductivity measurements at 18°, when the viscosity 
factor is about 0.01211, and in the other case at 78° when that 
factor had decreased (at 70° to 0.00521). Yet it will be seen 
that there is no regularity of the results and that the degree of 
dissociation according to the boiling-point determinations is not 
invariably higher than that obtained by the conductivity method. 
It is no doubt but natural to ask, which of these methods gives 
the correct measure of the amount of dissociation of the dissolved 
substances. 

There have been too few molecules weight determinations 
of salts in the ketones made by the boiling-point method. This 





' loc. cit. 
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method, according to Dutoit and Friderich', yields normal mo- 
lecular weights for a number of salts when dissolved in acetone. 
These substances, with the exception of LiCl and Cdl, yield so- 
lutions that conduct fairly well. This would tend to indicate 
that they are quite highly dissociated while the boiling-point 
determinations indicate that they are not dissociated. 

Attention has already been called to the fact of the conduc- 
tivity of ferric chloride in nitrobenzene while the cryoscopic de- 
terminations indicate higher molecular weights than the theo- 
retical. 

In benzonitrile Werner’? found normal molecular weights 
for AgNO, while from Table XVII it will be seen that this sol- 
vent yields solutions of AgNO. that conduct well. It still re- 
mains to be seen what the molecular condition of substances in 
other nitriles is according to the boiling-point determinations. 

Werner’s boiling-point determinations show normal molecu- 
lar weights for the salts of the heavy metals in pyridine. The 
average of his determinations for AgNO. is 165.4, theory 169.55; 
for Hg(CN), 216.68, theory 251.76; for HgI,, 308.0, theory 


452.88; and for Pb(NO_),, 352.07, theory requires 330.35. In 
most cases he obtained values a little under the theoretical. The 
greatest discrepancy occurs in the case of HgCl,, and it will be 
observed that the solution of this salt vields small values for yu. 
From Table XVIII it will be observed that this solvent vields 
conducting solutions and since “4, is not known the degree of 
dissociation cannot be calculated. 


From the preceding consideration it is apparent that there 
is not that agreement between the degrees of dissociation as cal- 
culated from the boiling-point or cryoscopic determinations and 
from the conductivity measurements in non-aqueous solutions as 
has been found to hold in aqueous solutions. 

In aqueous solutions the molecular conductivity always in- 
creases with the dilution. From the analogy of the electrolytic 
dissociation of substances in aqueous solutions to the dissociation 


' Bull. Soc. Chim. Paris (3) 19, 321 ( 1898). 
* Zeit. anorg. Chem. 15, 1 ( 1897). 
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of gases, Ostwald formulated a law of dilution for binary electro- 


r = rt where a ‘and V is 
the volume in which one gram-molecule of the dissolved sub- 
stance is contained. In aqueous solutions of weak electrolytes 
this law generally holds fairly well; and attempts have been 
inade to apply it to non-aqueous solutions. Most investigators, 
Vollmer, Woelfer, Cattaneo, and others have found that Ostwald’s 
dilution law does not hold for methyl and ethyl alcoholic solu- 
tions. Cohen has considered this subject at considerable length 
and comes to the same conclusion. 

Rudolphi's formula, which differs from Ostwald’s in having 
; V for V, has been shown to hold no better than Ostwald’s. 
The values of the constant as calculated by these two formulae 
from the conductivity determinations of potassium acetate are 
given in the following table which is taken from Cohen’s article. 
Ky, indicates that those values were obtained by using Ru- 
dolphi’s formula while Kk 
ployed. 


lytes which is as follows: K 


indicates that Ostwald’s was em- 


TABLE XXV. 


Vv bh 100 Kx 100 K, 

11.4 8.28 0.82 .242 

113.0 17.18 0.59 055 

1120.0 27-00 0.49 O14 

3520.0 29.20 0.36 .006 
From the preceding it therefore appears that neither the 
dilution law of Ostwald nor that of Rudolphi holds for alcoholic 
solutions. It has been shown in the case of propyl alcoholic 
solutions that we are not justified in extrapolating values for p-., 
hence the validity of the law of Ostwald and that of Rudolphi 
cannot be tested in regard to this solvent nor are the data suffi- 


cient to warrant conclusions being drawn concerning the appli- 
cability of these laws to other alcoholic solutions. 

From Fig. IV it will be observed that the molecular con- 
ductivity increases with the dilution except in the case of Cdl, 
in acetone. The value of mw remains virtually constant and 
Dutoit and Friderich found the same to be true for solutions of 
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this salt in acetophenone. In the case of solutions of Cdl, in 
methyl-propyl ketone and methyl-ethyl ketone the conductivity 
decreases with the dilution and the same was found by us to be 
the case for stannous chloride in acetone. Euler’ found the 
molecular conductivity of both NaI and NaBr in benzonitrile to 
decrease with the dilution. The conductivity of ferric chloride 
solutions in benzaldehyde decreases with the dilution and the 
same is true of solutions in pyridine. Silver nitrate in piperi- 
dine yields solutions the conductivity of which decreases with 
the dilution. 

In face of these experimental results and in view of the fact 
that in non-aqueous solutions there are but few cases where 
values for #4, can be obtained, it appears that neither the dilu- 
tion law of Ostwald nor that of Rudolphi can hold in non-aqueous 
solutions. 

In general the conductivity of non-aqueous solutions in- 
creases with the increase of the temperature. There are no ex- 
ceptions to this in aqueous solutions, but in non-aqueous solu- 
tions there are a few. The molecular conductivity of solutions 
of CdI, in acetone remains the same at 50° as at 25° ; but it 
must also be remembered that the conductivity of this salt does 
not change with the dilution. Solutions of CdI, in acetonitrile 
yield virtually the same values of mw at 0.2° as at 37.2°. The 
values of » for SbCl, in paraldehyde are practically the same at 
25.2° as at 32°. In ethyl benzoate the conductivity of solutions 
of FeCl, decreases from 1.55 at 25° to 0.48 at roo°, and the 
conductivity of solutions of FeCl, in amyl nitrite is practically 
constant at all temperatures tested. 

There are not sufficient data to determine accurately the 
temperature coefficient of most of the non-aqueous solutions and 
particularly of the alcoholic solutions with which the most work 
has been done. But it can be stated that, in general, the con- 
ductivity does not increase proportionately with the temperature. 
It has been pointed out by Zelinsky and Krapiwin and later it 
has been confirmed by Cohen, as well as by Walker and Ham- 





t Zeit. phys. Chem. 28, 619 (1899). 
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bly,’ that the temperature coefficient seems to be but slightly in- 
fluenced by the addition of a non-electrolyte or even of a small 
quantity of water. 

Although this investigation has been confined to the study 
of the conductivity of anhydrous salts and solvents it may be of 
interest to call attention to the work of some investigators on 
mixtures of water andalcohol. The following table of compara- 
tive conductivities is taken from the work of Zelinsky and Kra- 
piwin. In the column headed A is given the conductivity in 
aqueous solutions, under Bin methyl alcoholic solutions and 
under C is given the conductivity in a 50 percent solution of 
methyl alcohol and water. 

TABLE XXVI 





KBr 











NH,Br 
z A B . A B e 
16 123.1 eeee 59.82 127.2 65-43 61.16 
32 | 127.5 69.02 62.46 131.8 72.73 63.81 
64 | 130.5 76.70 65.36 135-3 79.56 66.04 
128 | 132.9 83.60 67.11 38.6 85.80 67.45 
256 136.4 88.96 69.26 I41.2 90.88 68.32 
512 140.2 93.26 70.53 143.5 94.99 69.10 
1024 143.4 97.25 ese | 145.6 98.24 70.11 
KI NH,I 
v A B Cc A B Cc 
16 124.5 69.20 62.13 125.4 72.24 62.63 
32 128.2 76.35 64.37 129.6 78.74 65.04 
64 30.5 82.52 66.01 133.4 85.0 67.48 
128 133.0 88.69 67.45 135-9 gI.14 69.28 
256 135.8 93-85 68.28 138.7 96.20 70.34 
512 137.9 98.19 69.65 141.3 100.6 71.12 
1024 140.9 102.2 70.55 143.7 104.7 71.57 


It will be noticed that the conductivity of the halogen salts 
of the alkalies in methyl] alcohol (B) is considerably less than in 
aqueous solutions (A). 


When water is added to the extent of 50 


percent even (C), the molecular conductivity is somewhat less 


than it is in methyl alcohol. 


Cohen and others have pointed 


out the same fact; that is, at 18° the conductivity of a mixture 
of water and alcohol, containing more than 60 percent of alcohol, 


' Jour. Chem. Soc. 71, i, 66 (1897). 
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is less in dilute solution than in absolute alcohol. This fact 
seems to be rather difficult to reconcile with the electrolytic disso- 
ciation theory, for here we have two solvents that possess dissocia- 
tive power in a high degree, and yet a salt dissolved in a mixture 
of equal parts of these vields a solution the conductivity of which 
is less than that of the solutions formed when dissolved in either. 

Carrara’ has shown that the electrolytic dissociation of water 
in methyl alcohol is greater than in aqueous solutions, while the 
reverse is the case in ethyl alcohol. It is alsoof interest to note 
that KOH and NaOH in methyl alcohol show the same conduc- 
tivity as CH OK and CH ONa. 

As has been previously noted,’ Nernst calls attention to the 
fact that solvents which have a high specific inductive capacity, 
vield solutions that conduct ; and he argues that the greater the 
dielectric constant of a solvent, the greater is the power of dis- 
sociation. In general, those solvents that have a high dielectric 
constant do yield solutions that conduct, but the molecular con- 
ductivity is not commensurate with the dielectric constant. 
Lithium chloride in an aqueous solution (dielectric constant of 
HO is 78), gives a value of 95 for w, at 18°; while in propyl 
alcohol (dielectric constant is 20.45) in a volume of about 3000 
liters, the value of # at 15° is given as 128.9. In fact, most of 
the values of uw in dilute solutions of propyl alcohol are, accord- 
ing to Schlamp, greater than the values of w, in water. In 
methyl alcohol (dielectric constant is 32.65) the value for uw, for 
N(C_H.) 1 is 113.8, while in water it is 107.6; for N(CH_) I the 
values of #, in both solvents are virtually the same (115.3). In 
other alcoholic solutions the values of # do not even approximate 
to those in aqueous solutions, however. 

Esters, the dielectric constants of which are very low, vield 
solutions that conduct, —for example —ethy] oxalate, ethyl ben- 
zoate, and ethyl acetate. Attention has previously been called* 





' Gazz. Chim. Ital. 27, I, 422 (1897). (Ref.) Jour. Chem. Soc. 72, ii, 473 
1897 ). 
Jour. Phys. Chem. 3, 12 (1899). 
* Ibid. 3, 21 (1899). 
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to the fact that ethyl acetoacetate yields solutions of ferric chlo- 
ride that conduct better than those in ethyl cyanacetate, the 
dielectric constant of the latter being 26.7, while that of the 
former is only 15.7. The values of » in acetone approximate to 
and in some cases exceed the values in methyl alcoholic solutions. 
Benzonitrile was the only nitrile the dielectric constant of which 
could be found in the literature, but it is probable that the value 
of the other constants is relatively high. The value of , for 
acetonitrile solutions approximate closely to those obtained for 
aqueous solutions, while for CNS.NH, and Nal, u is of about the 
same magnitude as for AgNO, in benzonitrile. The dielectric 
constants of pyridine, piperidine and of quinoline could not be 
found in the literature. 

From these considerations it therefore appears that while 
those solvents which have a high specific inductive capacity are 
the ones which, in general, vield solutions that conduct the best, 
the magnitude of « is not proportional to the value of the dielec- 
tric constants. 

Dutoit and Friderich,' from the results of other investiga- 
tors and from their own researches on the ketones and nitriles, 
conclude that **/a conductibilité des electrolytes dissous dans un 
dissolvant non polymérisé est null.” The degree of accuracy of 
this statement will become manifest when the following table 
is examined. In Table XXVII are arranged the names of a 
number of solvents in the order of increasing coefficients of as- 
sociation. The names appear in the first column, the coeffi- 
cients of association in the second. These values were mostly 
determined by Ramsay and Shields (See Table I). The third 
column contains the viscosity factors, 7, as far as they could be 
obtained from the tables of Dutoit and Friderich and of Landolt 
and Bornstein. The last three columns contain the formule of 
the salts, the volume in liters in which one gram-molecule was 
dissolved, and the molecular conductivity at that particular con- 
centration. That salt was usually chosen which gave the largest 
value for pw. 


' Bull Soc. Chim. Paris, (3) 19, 321, ( 1898). 
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It will be observed that those solvents down to and inclu- 
ding benzaldehyde, are not polymerized liquids according to the 
values of their coefficients of association, and they all produce 
solutions that conduct electricity. Among these are benzalde- 
hyde and paraldehyde, both of which yield solutions that con- 
duct well. Benzonitrile, the coefficient of association of which, 
even according to Traube, shows virtually no polymerization, 
yields solutions that conduct very well; and according to Wer- 
ner gives normal molecular weights by the boiling-point method. 
Further, ethyl acetoacetate yields solutions that conduct very 
well; yet its molecules are not polymerized. It will also be 
noted that all of these solvents have relatively high dielectric 
constants. Solutions in nitrobenzene conduct; but according 
to Ramsey and Shields its molecules are not polymerized. 
Traube, however, gives a value of 1.47 for the coefficient of 
association of this substance. Of the organic bases quinoline 
yields solutions that conduct and shows the lowest degree of 
association of any of the solvents. Pyridine dissolves a large 
number of salts, and yields solutions that conduct; yet its mol- 
ecules are not polymerized. It wiil be seen that the group of 
solvents whose coefficients of association are between 1 and 1.08 
inclusive, thus indicating a very slight degree of polymerization, 
yield solutions that conduct slightly, and Ramsey and Shields 
regard most of these as non-polymerized liquids. Aniline yields 
solutions that conduct, particularly solutions of silver nitrate ; 
acetophenone solutions do not conduct very well; and those in 
piperidine conduct poorly; while phosphorus trichloride and 
carbon disulphide, whose molecules are slightly polymerized, do 
not yield solutions that conduct electricity. 

The molecular conductivity of solutions of different solvents 
is not commensurate with the degree of polymerization of their 
molecules. The examples given to illustrate that the molecular 
conductivity is not proportional to the dielectric constants of the 
solvents are applicable here as well. The value of « depends, 
however, to a great extent upon the salts chosen; for example, 
the molecular conductivity of CdI, is virtually constant (11.7) in 
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acetone and in propionitrile it is 19.2 at dilution 512 liters; 
while the molecular conductivity of silver nitrate is 35 in ethyl 
alcohol at dilution 41,000 liters and 159 in acetonitrile at 1,141 
liters. The coefficient of association of ethyl alcohol is 2.74 and 
that of acetonitrile is 1.60. 

The coefficients of association as determined by Ramsey and 
Shields have been employed in preference to those by Traube' 
because the method of the former has a better theoretical basis, 
and their results are more in accord with those of other investi- 
gators. ‘Traube gives for the value of the coefficient of associa- 
tion for benzene 1.18, for toluene 1.08, for ethylene chloride 
1.46; and not any of these solvents yield solutions that conduct 
electricity. Then he gives values for the esters that are very 
much in excess of the determinations of other investigators, 
whereas the values for the alcohols are very much less. For 
example, for methyl alcohol he gives as the coefficient of associa- 
tion 1.79, for ethyl alcohol 1.67, for propyl alcohol 1.55, and for 
water 3.06. (Compare with the values given in Table I.) 

Many solvents, whose molecules are polymerized, yield so- 
lutions that conduct electricity, and there are some whose mol- 
ecules are supposed to be polymerized that do not yield solu- 
tions that conduct; and if Traube’s results be taken, a large 
addition to those cited above could be given. It has also been 
pointed out that there are a considerable number of solvents, 
whose molecules are apparently not polymerized, yet whose so- 
lutions conduct electricity well,—for example, benzonitrile, ethy] 
acetoacetate, etc. 

From the considerations presented in the preceding it ap- 
pears that the theory as promulgated by Dutoit and Friderich, 
that only polymerized solvents yield solutions that conduct, is 
untenable. 

Sometime before Dutoit and Friderich published their con- 
clusions, Crompton’ assigned a wider réle to the associative 
property of liquids. He presents the view, that by means of this 


' Ber. chem. Ges. Berlin, 30, 273-4 ( 1897). 
* Jour. Chem. Soc. 71, ii, g25( 1897). 
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theory of association the anomalous results obtained in the case 
of certain dissolved substances, electrolytes, by the boiling-point, 
freezing-point and osmotic pressure determinations, can be easily 
explained ; and aims to show that the electrolytic dissociation 
theory is not only unnecessary but in many respects inadequate. 
As has been previously pointed out no proportionality exists be- 
tween the values of the dielectric constants of the solvents and 
the molecular conductivity of their solutions. Crompton calls 
attention to the connection between the specific inductive capa- 
city and the degree of association of the solvents. This parallel- 
ism has also been pointed out by Abegg' who further observes 
that nitrobenzene, ethyl nitrite and benzonitrile all have high 
dielectric constants; yet their association factor is unity. This, 
he thinks, fulfills the primary conditions of a self-dissociating 
substance. Crompton further states: “It is almost impossible to 
doubt that association plays an all-important part in determin- 
ing the value of the specific inductive capacity of a liquid, and 
that if there is any connection between the specific inductive 
capacity and the power of forming electrolytes, it may be looked 
for rather in the fact that electrolytes are solutions of approxi- 
mately monomolecular salts in an associated solvent, than in 
there being any peculiar ‘dissociative power’ attached to the 
solvent.’ From the experimental results herein presented it ap- 
pears that it is a fact, that a// solvents that yield solutions which 
conduct are wot associated liquids. 

Crompton further aims to explain the conductivity of fused 
salts upon the dissociation of the associated molecules of the 
fused salts, wherein a small proportion of the salt is in the mono- 
molecular condition. Abegg, however, shows that in many 
cases the melted salt has a higher dielectric constant than its 
“ice,”—for example, the dielectric constant of water is 78 while 
that of ice is 2.85 according to Thwing; and that in these fused 
salts the self-ionization or self-dissociation is very slight. He 
states that in about 100 liters of fused AgCl there is about one 
gram-molecule of AgCl completely dissociated. Kohlrausch’ 

' Zeit. Electrochemie, 5, 48 (1899). 
* Wied. Ann. 53, 209 (1894). 
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has shown that in about eleven million liters of water there is 
one gram of hydrogen ions; while in methyl alcohol Carrara’ 
found one gram-molecule of methyl alcohol dissociated in about 
five and a half million liters. If water and methyl alcohol mani- 
fest such great dissociative power upon salts dissolved in them, 
why is it that they do not dissociate their own molecules to a 
greater extent? 

It is quite noticeable, that a large number of the investiga- 
tors of the properties of non-aqueous solutions, express the thought 
that there is manifested considerable influence between the dis- 
solved substance and the solvent. This factor of the influence 
of the solvent upon the dissolved substance, is one that is no 
doubt of very great importance ; and in the development of the 
electrolytic dissociation theory(which is based upon the behavior 
of aqueous solutions) the action of the solvent upon the dissolved 
substance has been entirely neglected. The opponents of the 
dissociation theory present this fact in rather forcible manner.? 

Fitzpatrick? concludes from his investigation on the con- 
ductivity of alcoholic solutions that the action of the solvent 
upon the dissolved substance is a chemical one. He conceives 
the dissolved salt as decomposing and forming molecular groups 
in the solvent. Owing to the large excess of the solvent there 
will be a continual decomposition and recombination of these 
molecular groups. He cautions one against regarding the sol- 
vent as a medium in which the salt particles are suspended or 
as a dissociating agent. Wildermann,* on the other hand, rec- 
ognizes two kinds of dissociation—one, the electrolytic dissocia- 
tion of the dissolved substance, and the other, the dissociation 
of the larger molecular aggregates into smaller ones. For ex- 
ample, in a solution of KCl in water the following aggregates 
are assumed to exist: K.Cl,, KCl, K.Cl, KCl, K and Cl. He 


' Gazz. Chim. Ital. 27, I, 422 (1897). (Ref.) Jour. Chem. Soc. 72, ii, 473 
(1897). 

2 Fitzgerald’s ‘‘ Helmholtz’ Memorial Lecture ’’ Jour. Chem. Soc. 69, i, 885 
( 1896). 

3 loc. cit. 

* Ber. chem. Ges. Berlin, 26, 1773, 2881 (1893). 
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further maintains that solutions of all substances, whatever the 
solvent or the concentration, undergo electrolytic dissociation. 

Cattaneo" was impressed with the fact that the molecular 
conductivity is greatly influenced by the nature of the solvent 
employed. He was not able, however, to point out any direct 
relation existing between the various properties of the solvents 
which yield solutions that conduct electricity. _Konovaloff? from 
his work on the amines, concludes that only those solvents that 
react chemically with the dissolved substances yield solutions 
that conduct. It is true that there are many solvents of this 
nature which do react with the dissolved substance, and yet 
which do not yield solutions that conduct electricity. Picric 
acid reacts with benzene but the resulting solution does not con- 
duct. Hence chemical combination of the dissolved substance 
with the solvent may take place and yet the solutions need not 
necessarily conduct. Werner? has isolated and analyzed a large 
number of products of pyridine and piperidine among other or- 
ganic solvents, with salts of the heavy metals. From the boil- 
ing-point determinations, the molecular weights of these salts 
seem to be very slightly influenced by their union with the sol- 
vent. This is analogous to the fact, that salts which crystallize 
from an aqueous solution with water of crystallization, yield the 
same molecular weight whether dissolved in the anhydrous form 
or with their water of crystallization. Carrara thinks that the 
union of solvent and dissolved substance accounts for the slight 
conductivity in certain cases. The low values of « in the case 
of acetone solutions of hydrochloric acid and lithium chloride 
he attributes to this fact. 

It has been pointed out by Ciamician‘ that the dissociative 
power of a solvent depends principally upon its chemical struc- 
ture. That is, compounds of the same chemical type, for exam- 
ple, of the HOH type, yield solutions that conduct electricity 





' Rend. Accad. Line, (5) 4, II, 63, 73 (1895). (Ref.) Jour. Chem. Soc. 72, 
ii, 537 (1897). 

* Wied. Ann. 49, 733 (1893). 

3 loc. cit. 

* Zeit. phys. Chem. 6, 403 (1890). 











492 Azartah T. Lincoln 


well. This is true in the case of alcoholic solutions, which are 
not the only class of compounds, however, that possess dissocia- 
tive power, as has already been pointed out. In general, how- 
ever, if one member of a particular type of compounds (e. g. 
nitriles) yield solutions that conduct, it has been found that 
other members also possess this property; and if a member of 
some other type (e. g. hydrocarbons) is found not to yield solu- 
tions that conduct, other members do not possess dissociative 
power. 

The data collected are as yet insufficient to show what the 
relation between solvent and dissolved substance must be in 
order to yield solutions that conduct electricity. Enough facts 
have been presented, however, to make it apparent that any 
theory that aims to explain the electrical conductivity of solu- 
tions in general, must take into consideration the influence of 
the solvent upon the dissolved substance. This subject is re- 
plete with interest, for closely connected with it is the true cause 
of the solubility of substances. 

From the foregoing the following general statements may 
be made : 

1. In methyl and ethyl alcoholic solutions limiting values 
for w can usually be obtained. The salts of the heavy metals 
are apparently exceptions. In other solvents a limiting value is 
very seldom obtained. 

2. The degrees of dissociation of the dissolved substances 
in non-aqueous solutions, as calculated from the boiling-point or 
cryoscopic determinations and from the conductivity measure- 
ments, show very great disagreement. No such agreement is 
manifest as is observed in the case of aqueous solutions. 

3. Neither the dilution law of Ostwald nor that of Rudolphi 
holds in the case of alcoholic solutions. In other solvents (since 
the conductivity remains virtually constant in some cases with 
the increased dilution, while in others it decreases) it is very ap- 
parent that the above-named laws do not hold. Then, too, since 
the value of 4. cannot be obtained in the case of so many sol- 
vents, the validity of the dilution laws could not be tested. 
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4. The molecular conductivity, in general, increases with 
the dilution ; but in several cases the conductivity decreases with 
the successive dilutions. 

5. The molecular conductivity usually increases with the 
temperature, but not proportionally. In some cases it remains 
virtually constant with increase of temperature, while in others 
it decreases. The changes in the viscosity accompanying a 
varying temperature have not been determined. 

6. Solvents that have a high dielectric constant yield solu- 
tions that conduct the best. Some solvents, the dielectric con- 
stants of which are very low, give poorly conducting solutions. 
The molecular conductivity is not, however, proportional to the 
dielectric constant of the solvent. 

7. Some associated solvents yield solutions that conduct 
electricity, whereas others do not. Some solvents whose mole- 
cules are not polymerized yield conducting solutions. The value 
of w, in those solutions that conduct, is not commensurate with 
the degree of association of the solvent. 

8. The conductivity of electrolytes depends very much upon 
the nature of the solvent employed. No rigid classification can 
be made, but, in general, solutions in the hydrocarbons and their 
halogen substitution-products do not conduct. Alcoholic solu- 
tions conduct well, and the conductivity, in general, decreases 
with the increase of the carbon content. Solutions in esters con- 
duct, but those of high carbon content usually yield solutions 
that conduct very poorly. The ketones and the aldehydes yield 
solutions that conduct well. Of the nitrogen compounds, liquid 
ammonia and ammonia substitution-products, or amines, conduct. 
The nitriles of both the aliphatic and aromatic series yield con- 
ducting solutions; and of the organic bases pyridine and quino- 
line come under this same category. 

g. The dissociation theory as promulgated for the explana- 
tion of the electrical conductivity of aqueous solutions, apparently 
cannot be applied in its present form to explain the conductivity 
in non-aqueous solutions. It further appears that the auxiliary 
theories which are based upon the specific inductive capacity, 
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the polymerization of the molecules, and the self-ionization of 
the solvent, are not sufficient to explain satisfactorily the facts 
that have been accumulated. Notwithstanding the work that 
has been done, the data at hand are as yet insufficient for the 
formulation of a theory by means of which a satisfactory expla- 
nation can be given of the phenomenon of electrical conductivity 
of solutions in general. 

This investigation was carried on under the supervision of 
Professor Kahlenberg, to whom I am under many obligations 
for his valuable suggestions, and I take this means of acknowl- 
edging the same. 


Laboratory of Physical Chemistry, University of Wisconsin, 
Madison, July 15, 1899. 

















CORRECTION 


BY OSCAR LOEW 


I find in an interesting article by J. F. Clark on “ Electro- 
lytic Dissociation and Toxic Effect” contained in the May num- 
ber of the Journal of Physical Chemistry an erroneous statement 
which I desire to correct. On page 300 it reads: “ Loew and 
Bokorny found that algae could use a one percent solution of 
formaldehyde for the production of starch.” On the contrary 
we have been the first to demonstrate, with algae, the high toxic 
effect of formaldehyde on the simpler kinds of organisms. Even 
solutions of 1: 10000 will kill algae. We have also shown that 
the combination of formaldehyde with primary sodium sulfite 
forms a harmless salt which can be substituted as a nutrient for 
algae and lower fungi. Perhaps it was this observation to which 
Clark referred. 

Washington, D. C., July 15, 1899. 
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Vorlesungen iiber theoretische und physikalische Chemie. fy /. H. van’? 
Hoff. Part 11, Chemical Statics; 15 X 23cm; pp. x and 148. Braunschweig: 
F. Vieweg und Sohn, 1899. — This second part gives the substance of a course 
of lectures delivered in Berlin during the winter of 1897-98 and the summer of 
1898. The first volume (2, 256) dealt with chemical dynamics and the present 
one treats of chemical statics. The first section of this little book is given up 
to molecular weights, how to determine them and the consequences to be drawn 
from these determinations. We have, therefore, Avogadro’s law and methods 
of determining molecular weights of gases; Henry’s law, Avogadro's law ap- 
plied to solutions, and methods of determining molecular weights in solution. 
In the chapter on results we find, among other things, a discussion of the elec- 
trolytic dissociation theory and of the phenomena connected with solid solutions. 

The second section of the work deals with molecular structure, including 
isomerism and tautomerism. Here we find a brief sketch of the methods of 
determining structure formulas with special reference to stereochemistry and to 
the decomposition of optically inactive into optically active substances. This 
is followed by a chapter on tautomerism which is not up to date. The work 
published since 1897 is almost completely ignored with the result that this 
chapter does not represent our knowledge of the subject. 

The third section treats the equilibrium relations between different solid 
modifications when only one form exists in the melt or in solution, and the 
book closes with a chapter on crystallography. 

Every reader will hail with delight the interweaving of organic chemistry 
and physical chemistry which we find in this volume. It must be clear, by 
this time, to many people that, sooner or later, organic chemistry must be re- 
vised by the physical chemist. The present system of structure formulas sat- 
isfies the needs of the qualitative chemist very fairly. While many chemists 
consider these formulas as representing the actual structure of the molecule, 
there is an ever-growing minority which takes them for what they are, a re- 
markably clear and concise method of epitomizing what we know. The struc- 
ture formulas enable us then to tell, in a general way, what reactions will take 
place in any given case and what reaction products will be formed ; but this in- 
formation is purely qualitative. As organic chemistry changes gradually from 
a qualitative empiricism to a quantitative science, we shall feel the need of ex- 
pressing these quantitative relations in a concise manner and we shall replace 
our qualitative shorthand by a quantitative shorthand. Of course, nothing of 
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this appears in these lectures. The time is not ripe for it, and the frankly 
atomistic point of view taken by the author would probably preclude it in any 
case ; but the important point is for the physical chemist to feel that he must 
struggle with constitutional formulas, and in this van’t Hoff has set him an 
excellent example. Wilder D. Bancroft 


Lehrbuch der allgemeinen Chemie. Ay W’. Ostwald. Vol. 11., Part 2, In- 
stalment 4. 16% 240m; pp. 605-828. Leipzig: W. Engelmann, 1899. Price: 
5.40 marks. — The number opens with a long and interesting discussion of the 
pressures and concentrations in the vapor phase for mixtures of two volatile 
liquids. It is admitted that, in general, Henry’s law does not coincide with the 
van 't Hoff-Raoult formula. It would have been more interesting if the author 
had taken the van’t Hoff version of the formula with the logarithm of the 
pressure instead of the Raoult form. While the two are practically identical for 
very dilute solutions, this is no longer the case when the solutions become mod- 
erately concentrated. The treatment of fractional distillation is by farthe most 
complete that has yet been given ; but, as in all other textbooks, the theory of 
distillation with a still-head at constant temperature has been entirely over- 
looked. This is unfortunate, because this method is by far the most satisfactory 
when it comes to the actual separation of two liquids. 

The development of the quantitative theory of binary mixtures, pp. 636- 
647, may be taken as a characteristic instance of Ostwald’s genius as a teacher. 
It is not new, and it may not all be right; but it is put in a clear, intelligible 
fashion so that anyone can make out for himself just how matters stand. 

The experiments of Kuenen on the phenomena near the critical tempera- 
ture are considered at length, as are also Rothmund’s measurements on the 
solubility curves for two partially miscible liquids. A couple of pages on the 
possibility of supersaturation phenomena with two liquids precedes the treat- 
ment of two liquid phases without vapor. In connection with this Ostwald 
mentions that no case is known where there are more liquid phases than there 
are components. This would imply that he considers Lehmann’s flowing crys- 
tals as a solid phase and not as a crystalline liquid. 

Some ninety pages are devoted to the question of solubility and of super- 
saturation phenomena. Here we have a most interesting presentation of the 
subject including a mass of forgotten observations. No one will deny that it is 
excellent reading ; but one feels that it would have been better to have pub- 
lished a small monograph on the subject, if necessary, and then to have con- 
densed that into a moderate number of pages in the textbook. As matters 
now stand there is no real proportion between the importance of a subject and 
the number of pages assigned to it. 

The remainder of the number is devoted to a consideration of solubility 
curves in general, including melting-points of compounds, together with an 
analysis of the relations between solubility, pressure and heat effects. 

Wilder D. Bancroft 

Allgemeine und physikalische Chemie. Ay Wax Rudolphi. Sammlung 
Goschen, No.71. 10x 15cm. 193 pp. Leipzig: G. J. Goschen. 1898. Price: 
cloth, 8o pf. — The Sammlung Goschen is an admirable series of inexpensive 
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little editions of literary classics, and of treatises on various branches of science. 
The books are fairly well printed, are neatly bound in flexible cloth covers, and 
cost but eighty pfennigs—twenty cents—each. One of the more recent num- 
bers is a volume on physical chemistry, by Max Rudolphi. It is about what 
would be obtained by condensing Nernst’s well-known treatise to a small com- 
pass. Although some features of its execution are open to criticism, yet the ma- 
terial presented is calculated to give the intelligent general reader a fair idea of 
what ordinarily passes for physical chemistry,—and this is the object of the 
book. It may fairly be conceded that the little volume is well worth its price. 
J. E. Trevor 
Outlines of physical chemistry. Py 4. Revchler; translatéid by J. McCrae. 
12X 19 cm; pp. xvi and 276. London: Whittaker & Co.; New York: The 
Macmillan Co., 1899. Price: cloth $1.00. — The original French edition has 
already been reviewed (2, 195). The English edition is, however, a translation 
of an unpublished revision of the French work, and therefore corresponds to a 
second edition. The book is essentially a compilation by an outsider, and be- 
trays that fact on almost every page. It is, however, well worth the price 
charged for it. There are now quite a number of books on physical chemistry 
in English. No one of them is very good, or even moderately satisfactory, but 
it seems reasonable to suppose that if a student were to read all of them care- 
fully, he might then be able to separate some of the wheat from the chaff. 
There must come a time when some one will write a really first-class well-bal- 
anced book on physical chemistry in some language; but there are no signs of 
it as yet. It may be a little unreasonable to expect such a thing, since there is 
no corresponding work in organic or inorganic chemistry, and these branches 
of the subject have flourished for a much longer period than has physical chem- 
istry. Wilder D. Bancroft 


Inorganic Chemistry according tothe Periodic Law. Ay F. P. Venable and 
J. L. Howe. 14.X% 20cm; pp. tv and 266. Easton: The Chemical Publishing 
Co., 1898. Price: cloth $1.50.—To read the introduction of this book is sug- 
gestive of a search for information in a small dictionary, which after leading 
the investigator through circuitous paths of definition either abandons him in 
a blind alley, or conducts him craftily back to his original starting-point. 
‘*Chemistry,’’ we are told, ‘‘is the study of matter and the changes produced 
in that matter by the action of chemical force upon it ’’ We look for a defini- 
tion of chemical force and all we find is ‘“‘a primitive, permanent and constant 
force depending wholly on the nature of the unchangeable atom "’ (p. 15) while 
for ‘‘ matter ’’ we find the all-embracing statement that it is ‘‘that which occu- 
pies space.’’ We look up mo/ecule and discover it to be ‘‘ the smallest particle 
of matter which still retains the properties of the mass,’’ and that ‘‘it is too 
small to be appreciable to our senses,’’ while turning to mass in the hope of 
finding these properties discussed we are discouraged by finding that it is *‘ any 
form of matter which is appreciable to our senses.”’ 

After 30 odd pages of such disheartening reading we cannot but feel en- 
couraged to find that some such difficulty was anticipated by the author. ‘‘ This 
introduction contains, in outline, some of the great principles of the science. 
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It is scarcely expected that they will be fully grasped and comprehended by the 
student just entering upon the study. He is rather to look upon much of it as 
a statement of what is to be proved by further study. A good deal of it will be 
repeated in suitable places later when facts have been acquired which will ren- 
der explanation possible. .. ."" Unfortunately, however, or perhaps fortunately, 
the great principles of the science are left to themselves in the remaining part of 
the volume and consequently as a purely descriptive textbook it is excellent. 
After looking in vain for such fundamental matters as Elements and Com- 
pounds and the determination of atomic weights, and after finding the first 
mention of reciprocal and multiple proportions seven pages from the close of 
the book, we expect at least to find an adequate treatment of the periodic law 
itself which purports to be the guiding principle of the whole work, but even 
this hardly does more for the book than upset the continuity of description. A 
few pages in the introduction, a few lines at the beginning of each group of 
elements, and an arrangement of the compounds of all the elements under gen- 
eral headings of hydrids, chlorids, etc., are all the honor done to the guiding 
principle. Frank B. Kenrick 
Aufgaben iiber Warme ; einschliesslich der mechanischen Warmetheorie und 
der kinetischen Theorie der Gase. Ay Eduard Maiss. 13 X 21 cm; pp. tvand 
118. Wien: A. Pichler’s Witwe& Sohn, 1898. Price: paper 2.40 marks. —In 
the present little volume, the author, a professor in a Vienna Oderrealschule, 
has assembled a series of problems for the use of students of the theory of heat. 
These problems relate to thermometric scales, the thermal expansion of solids, 
liquids, and gases, specific heats, fusion, vaporization, combustion, heat conduc- 
tion, the equivalence of heat and work, and the kinetic theory of gases. The 
collection is of a practical character, and is altogether admirable. It is well 
selected and arranged, and is certain to be very instructive to the student who 
conscientiously works it through. It might be used to great advantage in in- 
struction in physical chemistry. Complete solutions of all the problems are 
added at the close of the book. J. E. Trevor 


Die fundamentalen physikalischen Eigenschaften der Krystalle. Ay W. 
Voigt. 14X% 27cm; pp. viii and 243. Leipzig: Veit & Co., 1898. — This book 
is based on lectures delivered in Gottingen during the spring vacation of 1897. 
The discussion is limited to the fundamental physical properties of the crystals, 
i. e. to those which come into account during a homogeneous change of a crys- 
tal or crystal section. In the treatment the author distinguishes scalars, vectors 
and tensors, this last being a new term introduced by himself. Variables such 
as the temperature which can be described by a single numerical value are 
called scalars ; those which can be described by a number and a single direction 
in space, are called vectors; while those, such as a tension, which can be de- 
scribed by a number and by a direction running symmetrically both ways from 
a point, are called tensors. ‘Tensors might have been called bivectors ; but there 
are distinct objections to this name. 

The book consists of eight chapters: the physical symmetry of homoge- 
neous crystalline matter ; the physical properties as reciprocal relations between 
two states of matter; relations between a scalar and a vector; relations be- 
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tween a scalar and a tensor triplet (three tensors each normal to the others) ; 
relations between two vectors, especially between two similar vectors ; relations 
between a vector and a tensor triplet; relations between two tensor triplets ; 
physical properties of a higher order and those for which the laws have not yet 
been worked out. In addition there are thirteen appendices dealing with 
special points in crystallography and mathematical physics. 

Wilder D. Bancroft 


Michael Faraday, his Life and Work. (7he Century Science Series). By 
Silvanus P. Thompson. 13 19 cm; pp. ix and 308. New York: The Mac- 
millan Co., 1898. Price: cloth $1.25. — Professor Thompson's Life of Faraday 
is one of the most delightful biographies it has ever been our good fortune to 
read. With a glowing enthusiam for his subject, the author tells us as simple, 
sweet, and withal impressive, a tale as one could wish to hear; a tale that does 
justice to the sweetness and dignity of its subject. 

The book begins with an account of Faraday’s early life; and then con- 
siders successively his life at the Royal Institution, his scientific researches, his 
later years, his general attitude toward science and education, and his naive 
views on religion. Much interest attaches to the reproduction of a number of 
hitherto unpublished extracts from Faraday’s laboratory notebooks, with ac- 
companying facsimile sketches. The frontispiece of the book is a beautiful 
etching of Faraday, bearing the initials of the author. 

In his preface, Professor Thompson says : 

‘* For forty years Faraday was a living and inspiring voice in the Royal In- 
stitution, beyond all question the greatest scientific expositor of his time. 
Throughout almost the whole of that time his original researches in physics, and 
chiefly in electricity, were extending the boundaries of knowledge and laying 
the foundations not only for the great developments of electrical engineering of 
the last twenty years but for those still greater developments in the theories of 
electricity, magnetism, and light which are every year being extended and made 
fruitful. Were there no other reason than these developments in practice and 
theory, they would amply justify the effort to review now, after so many years, 
the position of Faraday amongst the eminent men of the century now drawing 
to its close. 

‘* Those who were intimately acquainted with him are a fast dwindling band. 
In the recollection of such as have survived him, his image lives and moves, 
surrounded with gracious memories, a vivid personality instinct with rare and 
unselfish kindliness. But the survivors are few, and their ranks grow thinner 
with each succeeding year. And soit comes about that the task of writing of 
his life and work has been entrusted to one who never ceases to regret that he 
never met Faraday.”’ J. E. Trevor 


A Teat-book of Physics. Sound. fy /. H. Poynting and J. J. Thomson. 
16x 23cm; pp. x and 163. Philadelphia: J. B. Lippincott Company, 1899. 
Price: cloth $3 00.—It may confidently be anticipated that the forthcoming 
Textbook of Physics, by Professors J. H. Poynting and J. J. Thomson, will be 
a marked advance over the college textbooks of physics that we now have. The 
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collaboration of two such men of science in an undertaking of this sort cannot 
but yield a gratifying result. 

The entire work is to consist of five parts,—on the properties of matter, 
sound, heat, magnetism and electricity, and light, respectively. Of these the 
volume on sound is now out. It is a compact, clear, and simple disquisition, 
which should be intelligible to anybody. The authors say that it is intended 
for students who lay most stress on the study of the experimental part of 
physics, and who have not yet reached the stage at which the reading of ad- 
vanced treatises on special subjects is desirable. The treatment employs only 
elementary mathematical methods, since many students are unable to handle 
the advanced methods. The authors’ hope is certainly justifiable, that their 
book will supply a fitting introduction to the more advanced treatises, especially 
to Helmholtz’s ‘Sensations of Tone,’ and Rayleigh’s ‘ Theory of Sound,’ *‘ at 
once the most systematic, original, and complete work on the subject.’ 

J. E. Trevor 

The Newer Remedies, inc/uding their synonyms, sources, methods of prep- 
aration, solubilities, incompatibles, medicinal properties, and doses as far as 
known, together with sections on organo-therapeutic agents and indifferent 
compounds of tron. <A reference manual for Physicians, Pharmacists, and 
Students. By Virgil Coblentz. 150 pp. Third, revised, edition. Philadel- 
phia: P. Blakiston’s Son and Co., 1899. Price: cloth $1.00.—The constantly 
increasing number and complexity of the newer remedies render it necessary 
for the physician and apothecary to have some convenient book to which they 
can refer to inform themselves concerning these products. This the book of 
Dr. Coblentz supplies in a very satisfactory manner ; otherwise three editions of 
the work would not have been called for since April 1895, when the first edition 
appeared. The book can be heartily recommended to all who wish to know 
anything about the newer remedies. W. R. Orndorff 


Some Notes on Chemical Jurisprudence. By Harwood Huntington. 17x 
24cm; 2gpp. New York. Price: paper $0.25.— This little pamphlet is said 
to contain all or nearly all of the litigated cases in patent law where chemistry 
is involved, and there is certainly a great deal of interesting information to be 
found in it. Wilder D. Bancroft 














REVIEWS 


The object of this department of the Journal is to tssue, as prompily as possible, 


critical digests of all Journal articles that bear upon any phase of Physical Chemistry 


General 


New experiments on the quantitative synthesis of water. /. //. Aviser. 
Am. Chem. Jour. 20, 733 (7898).— Owing to the difficulty of obtaining com- 
plete combustion with a mixture of hydrogen and water, oxygen is brought in 
contact with palladium charged with a known weight of hydrogen. One method 
of calculating the results gave 15.574 for the ratio, while another method gave 


15.886. The means of the two is 15.880. W. D. B. 
A determination of the atomic weight of zinc. //. \.. Morse and H. B. 
Arbuckle. Am. Chem, Jour, 20, 195 (1898).— A repetition of the work of 
Morse and Burton, especial attention being paid to the amount of gas occluded 
by the zinc oxid. The final value is Zn 65.457. W. D. B. 
The atomic weight of cadmium. //. .\. Worse and H.B. Arbuckle. Am. 
Chem. Jour. 20, 536 (1898).—A repetition of the work of Morse and Jones, espe- 
cial attention being paid to the amount of gas occluded by the cadmium oxid. 
The final result is Cd 112.377. W. D.B. 


A determination of the atomic weight of praseodymium, and of neodymium. 
H. C. Jones. Am. Chem. Jour. 20, 345 (7898 ).—The final results are praseodym- 
ium 140.45 and neodymium 143.6. W. D. B. 


The atomic mass of tungsten and the preparation of sodium pertungstate by 
means of the electric current. CG. /. Zhomas. Jour. Am. Chem. Soc. 21, 373 
(7899). — Reduction of tungsten trioxid gave 183.64 as the combining weight of 
tungsten while oxidation of tungsten leads to a value above 184. Determining 
the water of crystallization in sodium tungstate gave 184.7 with single values 
varying from 182.3 to 187.5. 

Sodium pertungstate can be made conveniently electrolytically. The di- 
rections are pleasingly indefinite, the author giving values for current and volt- 
age when the sodium tungstate solution is of in circuit. HW. D. B. 


The cyclical law of the elements. 7. Lavley. Jour. Am. Chem. Soc. 20, 
127 (1898). —It is claimed that more stress should be laid on the cyclical na- 




















Reviews 503 


ture of the periodic law and less on the fact that the first two complete series 
(or cycles) contain each seven elements, W.D. B. 


Atomic volume as a periodic function. 7. Bailey. Jour. Am. Chem. Soc. 
20, 935 (7898).—A study of atomic volumes bringing out the usual relations. 
W. D. B. 
Helium. WW’. Ramsay. Ann. Chim. Phys. (7) 13s 433 (1898). — This paper 
gives an extended account of the discovery and properties of helium. 
W.D. B. 


A new gas. C. F. Brush. Jour. Am. Chem. Soc. 20, 899 (1898). — It was 
found that a gas was given off by pulverized glass when the glass was placed under 
diminished pressure. When the pressure is reduced to a few millionths of an 
atmosphere this gas has a conductivity for heat one hundred times as great as 
that of hydrogen. The author proposes calling this new substance etherion. 
[It has since been suggested by Crookes and others that etherion is water 
vapor. ] W. D. B. 

On the claims of davyum to recognition as a chemical element. /. Ii’. J/a/- 
let. Am. Chem. Jour, 20, 776 (7898).— The author has repeated the work of 
Kern and finds that the so-called davyum is probably only a mixture of iridium 
and rhodium with a little iron. The spirit prompting Prof. Mallet to undertake 
this piece of work is a most commendable one. Of course, no one believed in 
the existence of davyum ; but, on the other hand, no one knew what Kern had 
mistaken for a new element. It is unsatisfactory to undertake work that is 
practically certain to lead to a negative result, to a result that no one questioned. 
There are, however, many statements about the elements, especially about the 
allotropic modifications, which are probably false but which will continue to be 
stumbling-blocks until some one will sacrifice his time, as Prof. Mallet has done 
his, in order to clear these matters up. W. D. B. 


A convenient gas generator and device for dissolving solids. 7: W’. Rich- 
ards. Am. Chem. Jour. 20, 189 (7898).— Various modifications of gas genera- 
tors are described, the essential feature in each being that the spent acid settles 
to the bottom and can be drawn off there. By placing a solid ina funnel closed 
by glass wool at the bottom and sinking the whole under water, the solution 
sinks to the bottom of the vessel, fresh water flows in over the top of the funnel 
and the salt is dissolved in a much shorter time than if the crystals were at the 
bottom of the beaker. The solution is filtered at the same time. H”. D. #. 


Apparatus for determining the density of powders. G./. W. Bremer. Re- 
cueil Trav. Pays-Bas, 17, 263, 405 (1898).—The apparatus is based on the 
principle of comparing the changes of pressure when a known quantity of air 
is added first to a flask containing air, and then to the same flask containing the 
substance to be measured. The author claims several advantages for his instru- 
ment over those of Paalzow and of Baumhauer. W.D. B. 


A new apparatus for the determination of volume. C. /. McKenna. Jour. 
alm. Chem. Soc. 21, 50 (1899).— The apparatus consists essentially of a flask 
with one fine graduated neck and one wide neck. By means of a rubber bulb, 
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the liquid in the wide neck is blown to a certain mark, and the height of the 
liquid in the other arm read off. The solid is then introduced through the wide 
neck, the surface of the liquid brought to the original mark, and the new posi- 
tion in the narrow neck noted. W. D. B. 


A simple volumenometer. C. £. Linebarger. Jour. Am. Chem. Soc. 21, 
435 (1899).— This instrument is identical in principle with that of McKenna 
(preceding review) but can be made from ordinary laboratory stock as it only 
calls for a graduated pipette, a wide mouthed bottle, andafunnel. HW”. D. #. 


One-Component Systems. 


Experiments on crystalline liquids. A. Schenck. Zeit. phys. Chem. 25, 
337; 27, 167 (1898); 28, 280 (1899). — Three substances are known which form 
crystalline liquids or fluid crystals. If melted p-azoxyanisol be cooled to 134.1° 
a new phase appears which is a second liquid phase save that it is not isotropic. 
At 114° there is another triple point with solid crystals as the new phase. The 
same two changes occur with f-azoxyphenetol at 165.2° and 134.5° ; with choles- 
teryl benzoate at 178° and 145.5°. In all three cases the anisotropic phase is 
less dense than the isotropic and with f-azoxyanisol it is less viscous. Judging 
from the surface-tension phenomena the anisotropic and the isotropic liquids 
have the same molecular weight in the cases of f-azoxyphenetol and f-azoxy- 
anisol while the two forms of cholesteryl benzoate have different molecular 
weights. The inversion point of f-azoxyanisol is lowered to about the same 
extent by the addition of ethyl oxalate, benzyl acetate, diphenyl, o-dinitroben- 
zene, thymol, carvacrol and carvol. From these data the author calculates a 
heat of inversion of 4.42 cal. This calculation is permissible only in case the 
substances just mentioned do not affect the true freezing-point, a question that 
appears to have been overlooked by the author. Addition of p-azoxyphenetol 
or cholesteryl benzoate raises the inversion temperature. 

In the third paper the author measures the specific heats of the anisotropic 
and isotropic liquids. From these data and the heat of inversion previously 
obtained he calcuiates the critical temperature and pressure for these two phases. 
This he is able to do approximately because he also determined the change of 
the inversion temperature with the pressure, finding a pressure of 13.2 atm 
necessary to cause a rise of one degree. W.D. RB. 


Theory of complete and pasty fusion. J/. Prillouin. Ann. Chim. Phys. 
(7) 13, 264 (7898). — The author points out that the substances that soften and 
become viscous on heating have no true melting-point. He expresses his dis- 
belief in any continuous passage from solid to liquid. W. Dz. B. 


On the liquefaction of hydrogen and helium. /. Dewar. Ann. Chim. 
Phys. (7) 4, 145 (1898). — Reviewed (2, 505) from Jour. Chem. Soc. 73, 528 
(1898 ). 


An alternating volatility in the series of the normal acid chlorids. 1. Henry. 
Bull, Acad. roy. Belg. 1899, 63. — The boiling-points of normal acid chlorid 
containing 27C lie 26°-30° above those containing 2(#7—1)C. 
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On variations of volatility in the series of the normal acid chlorids. Z. 
Henry. Bull. Acad. roy. Belg. 1899, 63. — The boiling-points of normal acid 
chlorids containing 2” combining weights of carbon are 26°-30° above those 
containing 27—1 combining weights and 16°-20° below those containing 27 - 1 
combining weights. W. D. B. 


On an isomer of potassium ferrocyanid. /. Locke and G. H. Edwards. 
Am. Chem. Jour. 21, 193, 413 (1899). — By treating a hot solution of potassium 
ferricyanid with potassium chlorate and hydrochloric acid, and cooling before 
the effervescence begins, the authors obtained a salt K,Fe( CN ),H,O which they 
call potassium §-ferrocyanid, the compound hitherto known being now called 
the a-ferrocyanid. The crystalline forms of the modifications are different and 
a freshly-prepared solution of the §-salt gives no precipitate with bismuth ni- 
trate. Stannic chlorid precipitates a slimy green substance from a solution of 
the f-salt. The new modification passes over readily into thea form. In the 
second paper it is shown that the formation of the 8-ferrocyanid is due to the 
catalytic action of hydrochloric acid and that the presence of potassium chlo- 
rate is unnecessary. W. D. B. 


Trinitrophenylmalonic ester. C. 1. Jackson and /. I. Phinney. Am. 
Chem. Jour. 21, 418 (1899). —This substance occurs in two forms, one melting 
at 58° and the other at 64°, the latter being the more stable. From the fact 
that ‘‘each form has been converted into a salt, and set free from this unaltered 
upon acidification ’’ the authors incline to the belief that this is ‘‘a case of 
chemical rather than physical isomerism.’’ They did not make the crucial test 
of determining whether the more stable form melted and froze sharply at the 
same temperature. If this is not the case there must be two modifications in 
the melt. This is an excellent instance of the advantage that might be gained 
by applying the methods of physical chemistry to organic chemistry. 


W. D. B. 


Study of the latent heats of vaporization of some liquids. HW’. Louguinine. 
Ann. Chim. Phys. (7) 13, 289 (7898). — The author has determined the specific 
heats between 20° and the boiling-points, the variation of the boiling-points 
with pressure, and the heats of vaporization of a number of alcohols, ketones 
and esters. The values for MS/T (Trouton’s formula) are nearly identical at 
about 26 for all the alcohols except the two amyl alcohols. The ketones give 
values varying but little from 20.84 while the three esters measured are pretty 
constant at 21.8. The great discrepancy in the case of the alcohols is attributed 
to polymerization in the liquid state. W.D. B. 


The specific gravity of cesium. 4. £. Menke. Jour. Am. Chem. Soc. 21, 
420 (1899).— The cesium used was purified by several redistillations in hydro- 
gen, and then examined spectroscopically. The metal was weighed in hydrogen 
and then under liquid paraffin. The mean of six results was 2.40003 referred 
to water, at least four grams of metal being taken in each experiment. This 
makes the atomic volume of cesium 55.3 instead of 70.6 as usually given. 
W.D. B. 
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Experiments on gases. .4. Leduc. Ann. Chim. Phys. (7) 15,5 (1898). — 
This paper sums in a connected whole the substance of a number of short arti- 
cles which have appeared in the Comptes rendus and which have been reviewed 
from that source. W.D. B. 


Some properties of liquid ammonia. £. C. /ranklin and C. A. Kraus. 
Am. Chem, Jour, 21, 8 (1899).— The close resemblance between water and 
ammonia is emphasized by a discussion of the physical properties of these two 
liquids. W. D. B. 

Two-Component Systems 


Equilibria between ammonium nitrate and ammonia. 7. Auri/off. Zeit. 
phys. Chem, 25, 107 (1898). — The author has determined the solubility curve 
for ammonium nitrate and liquid ammonia from — 60° to — 168°. One com- 
pound occurs, probably NH,NO,3NH, with a melting-point of about 40°. 
Above this temperature the only solid phase is NH,NO, (See 3, 178). 

W.D. B. 


Addition to paper on the freezing-points of pure palmitic and stearic acids 
and of their mixtures. 1. £. O. de Visser. Recueil. Trav. Pays-Bas, 17, 346 
(7898). —In a previous paper (2, 506) it was shown that a solution containing 
47.5 percent stearic acid solidified without change of temperature although not 
the eutectic mixture. In this note it is shown that the presence of alcohol does 
not displace this equilibrium. From this it is concluded that a solid solution 
separates from a mixture of the two acids and that the solid solution has the 
same composition as the liquid solution when the latter contains 47.5 percent of 
stearic acid. The conclusion is undoubtedly right but the reasoning is entirely 
wrong because the experiment with alcohol, though interesting, proves abso- 
lutely nothing in regard to this point. W.D.B. 


The transition temperature of sodic sulphate, anew mixed point in thermom- 
etry. 7. W. Richards. Am. Jour. Sci. (4) 6,207 (7898). — Reviewed (3, 177) 
from Zeit. phys. Chem. 26, 690 (1898). 


On the relation between heat of solution, solubility, and degree of dissocia- 
tion. //. Goldschmidt. Zeit. phys. Chem. 25, 91 (1898).— Van't Hoff has 
given the formula 

dlog C g 
oT 21T? 


where C is the solubility, g the heat of solution and 7 the isotonic coefficient. 
Van Laar writes the formula 


8 log C g 2—a 
—_— = <2 
where a is the degree of dissociation. 

In order to compare these two formulas the solubilities and heats of solu- 
tions of silver acetate, silver propionate, silver isobutyrate and o-nitrobenzoic 
acid were determined. The amount of dissociation was obtained from conduc- 
tivity measurements, Neither the van 't Hoff nor the Van Laar formula were 
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very satisfactory with the three silver salts. The van Laar formula gave much 
better results when applied to o-nitrobenzoic acid than did the van ‘t Hoff 
formula. W.D. B. 


Studies on the nitrobenzoic acids. A. F. Holleman. Recueil Trav. Pays- 
Bas, 17, 247, 329, 335 (1898). — The author has determined the solubility of the 
three nitrobenzoic acids at three temperatures in water, chloroform, and alco- 
hol. In water the ortho acid is the most soluble and the para acid the least solu- 
ble. In chloroform and in alcohol the meta acid is the most soluble and the 
para acid the least soluble. When mixtures of the ortho and para acids or of 
the meta and para acids were treated with water, it was found that the solubility 
of each acid had been decreased by the presence of the other. An increased 
solubility was observed when a mixture of ortho and meta acids was taken. 
Since it has been shown that the formation of a compound in solution will 
account for an increased solubility, the conclusion is therefore drawn that the 
ortho and meta acids form a compound in solution. From this is deduced the 
surprising conclusion that there must be a change in the nature of the solid 
phase. Experiments are then carried out which prove the accuracy of this 
view to the author’s satisfaction without, however, throwing any light on the 
question of what the new phase may be. W. D. B. 


Liquid ammonia as a solvent. £. C. /ranklinand C. A. Kraus. Am. 
Chem. Jour. 20, 820 (1898). — The authors have made qualitative determinations 
of the solubility in liquid ammonia of some five hundred different substances. 


W. D. B. 


Determination of the molecular rise in the boiling-point of liquid ammonia. 
E. C. Franklin and C. A. Kraus. Am. Chem. Jour. 20, 836 (1898).—A 
Dewar vacuum tube was used as the boiling-tube and the ammonia was heated 
by an electric current. The constant for water is 3.4; for ethyl alcohol 3.4; for 
propyl alcohol 3.4 in moderately dilute solutions, decreasing to 2.75 in more 
concentrated solutions. The value for phenol is 3.0; for pyrocatechin 3.2; for 
resorcin 3.5 and for hydroquinone a little higher. With cane sugar the con- 
stant increases with the concentration from 3.0 to 4.7 while with urea the value 
decreases from 3.4 to 2.3. Pyridin gives 3.2, dropping to 1.8 for very concen- 
trated solutions. Orthonitrophenol gives about 3.4 while the value for benzene 
is 2.5 in moderately dilute solutions. Ammonium nitrate, sodium nitrate and 
potassium iodid give values of 2.0 or less for moderately dilute solutions in- 
creasing to over 5.0 for more concentrated solutions. If it be assumed that 
with potassium iodid we have KI7NH, in solution, the values become quite 
constant at about 3.4. Sodium gives values varying from 1.50 to 2.50 while with 
lithium the molecular rise is only about 1.35. WD. B. 


Molecular weights of liquids. III. C. 1. Spevers. /our. Am. Chem. Soc. 
21, 282 (/89g). —The results of Lehfeldt are discussed. The conclusions are 
interesting but are faulty in two respects. An inaccurate formula is used, 
ny, (mt, ~-n,) —(p—p’) p, and the author does not differentiate the cases in 
which the apparent association varies with the concentration from those in 
which it does not. These two sources of error, and the complete ignoring of 





508 Reviews 


Henry’s law make these papers (See 2, 347, 362) less valuable than they other- 
wise might be. W. Dz. B. 


Dissociation of phosphorus pentabromide in solution in organic solvents. 

J. H. Kastle andW. A. Beatty. Am. Chem. Jour. 21, 392 (1899). — Judging 

from the color phosphorus pentabromid is ninety to one hundred percent dis- 

sociated into phosphorus tribromid and bromin in dilute carbon bisulfid solu- 
tion, and eighty to ninety percent dissociated in carbon tetrachlorid solution. 
W. Dz. B. 


On some double halides of mercury. /. .V. Swan. Am. Chem. Jour. 20, 
613 (1898). — An account of some crystalline compounds of mercuric chlorid 
with anilin, orthotoluidin, metatoluidin, and paratoluidin. The experimental 
work was finished early in 1893. W. D. B. 

The double halides of tin with aniline and the toluidines. A. 2. S/ag/e. 
Am. Chem. Jour. 20, 633 (7898). — This paper differs from that of Swan (pre- 
ceding review) in that stannous chlorid is substituted for mercuric chlorid. 
The work was finished early in 1894. W. D. B. 

On double halides of zinc with aniline and the toluidines. 1. Base. Am. 
Chem. Jour. 20, 646 (1898).— Further work (cf. preceding two reviews) con- 
firming Remsen’s law. This paper dates from 1895. W. D. B. 


Experiments on ozone. .J/. Otto. Ann. Chim. Phys. (7) 13, 77 (7898).— 


By using a specially designed ozonizer, an alternating current with eighty 
periods per second, and a potential difference of 6500 volts, eight to ten times 
the usual yield of ozone was obtained. W. D. B. 


On the heat evolved by the action of small quantities of water on a large 
excess of sulfuric acid. J/. Berthelot. Ann. Chim. Phys. (7) 13, 77 (1898).— 
Heats of dilution when one, two, three and four of water are added to twenty 
of sulfuric acid. W. D. B. 


On the heat disengaged by the action of small quantities of water on an ex- 
cess of nitric acid. J/. Berthelot. Ann. Chim. Phys. (7) 14, 207 (7898). — 
Heats of dilution when one, two and three of water are added to 31.44HNO,. 

W. D. B. 


Poly-Component Systems. 


Investigations on the formation of oceanic salt deposits, with special refer- 
ence to those at Stassfurt. I, II, Il. /. H. van'’t Hoff and W. Meverhoffer. 
Sitzungsber Akad. Wiss. Berlin, 1897, 69, 137, 487. 1V./. H. van'’t Hoff and 
F. RB. Kenrick. Tbid., 508. V.jJ. H. van't Hoff and W. Meyerhoffer. Tbid., 
org. VI. J. H. van't Hoffand F.G. Donnan. Tbid., 1146. VU. J. H. van't 
Hoff and T. Estreicher-Rozbierski. TIbid., 487. 1%. J. H. van't Hoff and 
W. Meyerhoffer. TIbid., 590. &%. J. H. van’t Hoff and P. Williams. Tbid., 
808. XI. J. H. van'’t Hoff and W. Meverhoffer. TIbid., 814. — The first two 
papers of this series treating of the equilibrium between magnesium chlorid and 
water, have already been reviewed (3, 179) from Zeit. phys. Chem. 27, 75 (1808). 
The third paper deals with the equilibrium between potassium chlorid and 
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water, and between potassium chlorid, magnesium chlorid and water. At 

33.6° is the cryohydric point with ice, MgCl,12H,O and KCI as solid phases ; 
at 16.7° there is a quintuple point with MgCl 12H,O, MgCl,SH,O and KCl as 
solid phases. Owing to the sparing solubility of potassium chlorid in presence 
of an excess of magnesium chlorid, the temperatures of these two points do not 
differ perceptibly from the corresponding temperatures for the system without 
potassium chlorid. At — 12° the solid phases are MgClSH,O, MgC1,6H,O and 
KCl. Following up the boundary curve along which carnalliteand MgCl.8H,O 
are solid phases, we find the latter salt changing to the hexahydrate at -- 3.4° 
while the hexahydrate is replaced by the tetrahydrate at 116.7°. At 152.5° the 
carnallite begins to decompose, the solid phases at this quintuple point being 
MgCl,KCI6H,O, MgCl.4H,O and KCl. Following along the boundary curve 
with MgCl,KCI6H,O and KCI as solid phases we reach a maximum temperature 
at 167.5°. The boundary curve then runs back to lower temperatures termi- 
nating at — 12° where the octohydrate appears. The field for carnallite has thus 
been determined. The data are plotted in van't Hoff's usual manner; but it 
seems a pity that they should not also have been represented in the triangular 
diagram as this would have brought out much more clearly the significance of 
the melting-point at 162.5°. As it is the authors made no reference to the theo- 
rem of van Rijn van Alkemade. It is interesting to observe that the lower de- 
composition point for carnallite lies below the lowest temperature at which 
MgC1,6H,O can exist in equilibrium with solution and vapor. In a final para- 
graph the authors point out three new ways of converting carnallite into mag- 
nesium chlorid and potassium chlorid. 

The fourth paper deals with the system, magnesium chlorid, and calcium 
chlorid and water, especial stress being laid on the conditions of equilibrium 
for tachhydrite, Mg,Cl,CaCl 12H,O. At 21.95~ there is a quintuple point with 
MgC1,6H,O, CaCl,6H,O and the double salt as solid phases. Below this tem- 
perature the double salt cannot exist in equilibrium with solution and vapor. 
The boundary curve with MgCl,6H,O and the double salt as solid phases ends at 
116.7°, at which temperature the hexahydrate of magnesium chlorid changes to 
the tetrahydrate. The boundary curve with CaCl,6H,O and double salt as solid 
phases ends at 25°, the hexahydrate of calcium chlorid changing to the tetra- 
hydrate. The upper limits of the field for tachhydrate were not determined 
but some qualitative measurements showed that the highest temperature at 
which this compound can exist in pressure of vapor must be about 168°. 

The fifth paper is devoted to a consideration of the crystallization phenom- 
ena at 25° when the solution contains magnesium chlorid, potassium sulfate, 
magnesium sulfate and potassium chlorid, the crystals being removed as fast as 
formed. The salts that can be made to separate at this temperature are KCl, 
K.SO,, MgCl,6H,O, MgSO,7H.O, MgSO,6H.O, K,SO,.MgSO,6H,O and KCL.- 
MgC1,6H,O. From the solubility phenomena it is shown what may be expected 
qualitatively and quantitatively, and these deductions are then confirmed both 
by qualitative and by quantitative crystallizations. 


In the sixth paper we find vapor-pressure determinations for the solutions 
considered in the fifth paper. It is pointed out that when water is removed at 
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constant temperature, the pressure of the system may fall or may remain con- 
stant but cannot rise. 

The seventh paper repeats the qualitative work of the fifth with the limita- 
tion that all solutions shall be saturated with respect to sodium chlorid. Under 
these circumstances potassium sulfate can no longer occur as a solid phase. In 
addition to sodium chlorid the new solid phases that can occur are K,Na(SO,),, 
MgSO,5H,O, MgSO,4H,O, Na,SO, and Na,SO,MgSO,4H,O. The existence of 
a double salt of sodium chlorid and sodium sulfate was rendered very improba- 
ble. Two specimens of the separated mineral, sulfohalite, which were for- 
warded from America, proved to be sodium chlorid so that this mineral may 
well be considered as non-existent. 

In the eighth paper are to be found solubility determinations for solutions 
of magnesium chlorid and sulfate at 25°, the points determined being those at 
which MgSO,7H,O and MgSO,6H,O, MgSO,6H,O and MgSO,5H,O, MgSO,5H,O 
and MgSO,4H,O, MgSO,4H,O and MgCl,6H,0 are solid phases. 

The ninth paper is devoted to a quantitative study of the system taken up 
in the seventh paper. The tenth paper treats of the conditions of equilibrium 
for leonite, K,SO,.Mg(SO,)4H,O, a mineral which occurs in the salt deposits, 
but which was not observed in the crystallization experiments described in the 
seventh paper. It was found that schonite, K,SO,MgSO,6H,O changes into 
leonite at 47.5° in presence of potassium sulfate, at 41° in presence of MgSO,7H,O 
and at 19.9° in presence of MgSO,7H,O and KCl. The reason that leonite was 
not observed in the preceding experiments is that it shows a great tendency to 
form supersaturated solutions, and therefore does not separate at all unless 
especial precautions are taken. 

The eleventh paper contains a general discussion of the crystallization phe- 
nomena at 25° based on the data of the preceding papers and on some addi- 
tional solubility determinations. At 27° all solutions containing potassium 
chlorid together with an excess of sodium chlorid give a mixture of sodium 
chlorid, magnesium chlorid and KCl.MgCl, 6H,O as the final crystallization. 
At the same temperature all solutions containing potassium chlorid and sodium 
sulfate together with an excess of sodium chlorid give a mixture of sodium 
chlorid, potassium chlorid and K,,Na(SO,), as the final crystallization. At the 
same temperature all solutions containing sodium sulfate and magnesium chlorid 
together with an excess of sodium chlorid, give a mixture of sodium chlorid, 
magnesium chlorid, and magnesium sulfate tetrahydrate. Lastly, at 27° all so- 
lutions containing magnesium chlorid, potassium chlorid and sodium sulfate, 
together with an excess of sodium chlorid give a mixture of sodium chlorid, 
magnesium chlorid, magnesium sulfate tetrahydrate and KCl.MgCl,6H,O. The 
only difference in the behavior at 27° and 25° is that at the lower temperature 
solutions containing much sodium sulfate and relatively little potassium chlorid 
togetlLe: with an excess of sodium chlorid, give a mixture of sodium chlorid, 
anhydrous sodium sulfate and K,Na(SO,), as the final crystallization. 

W. Dz B. 


On the cause of the retention and release of gases occluded by the oxides of 
metals. 7. WW. Richards. Am. Chem. Jour. 20, 701 (1898).— Experiments 
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were made to determine the amount of gas retained by different oxids when 
heated at different temperatures. The actual temperatures were estimated by 
noticing what salts would or would not melt. With copper oxid below 850° a 
state of equilibrium appears to be reached, while above this temperature prac- 
tically all of the occluded gas may be expelled if the heating be prolonged 
sufficiently. With zinc oxid no upper limit was reached but it was found that 
the amount of gas retained decreases with increasing temperature. It was ob- 
served that the oxygen escaped much more readily than the nitrogen with the 
oxids of copper, zinc and magnesium. To account for this the author assumes 
a transpiration of oxygen due to continued dissociation and reforming of the 
oxid in question. In support of this view is the fact that the most stable oxid, 
that of magnesium, retains the occluded oxygen the most tenaciously while the 
least stable oxid, that of copper, loses its occluded oxygen the most easily. This 
hypothesis accounts for the escape of the oxygen but not for the retention of 
the nitrogen unless one assumes (as the author possibly does) a box-like struc- 
ture of the copper oxid, the problem then being to get the oxygen out without 
raising the lid. The reviewer feels certain that it is a mistake, in a discussion 
of this sort, to ignore the relative concentrations of oxygen and nitrogen in the 
air. W. Dz. B. 


Action of calcium sulfate on some alkaline halids. A. Ditfe. Ann. Chim. 
Phys. (7) 4, 294 (7898). — Reviewed (3, 180) from Comptes rendus, 126, 694 


(1898 ). 


On some compounds of selenium and tellurium. . Metzner. Ann. Chim. 
Phys. (7) 15, 203 (1898). — Reviewed (3, 420) from Comptes rendus, 127, 54 
(7898 ). 


On the combustion of hydrogen mixed with an oxy-gas. J/. Berthelot. Ann. 
Chim. Phys. (7) 14, 167 (1898). — If we add to a mixture of hydrogen and sul- 
fur dioxid or of hydrogen and carbon dioxid enough oxygen to convert the 
whole of the hydrogen into water and ignite the mass, the hydrogen will react 
with the oxygen and not with the sulfur dioxid or the carbon dioxid. If, in- 
stead of adding oxygen, we allow the original mixtures to burn in the air, there 
will be partial reduction of the sulfur dioxid or of the carbon dioxid, the reduc- 
tion products being sulfur and hydrogen sulfid in the first case, carbon monoxid 
in the second, W. D. B. 


On the chemical equilibria between hydrogen and the oxids of carbon. J/. 
Berthelot. Ann. Chim. Phys. (7) 14) 170 (1898). —The author makes the point 
that it is not proper to speak of an equilibrium between carbon dioxid, hydro- 
gen, carbon monoxid and water at high temperatures because the carbon dioxid 
is dissociated to a perceptible extent, and the water vapor to a slight extent, at 
these temperatures, so that oxygen is a factor in determining the final distribu- 
tion. He also points out that carbon monoxid dissociates below 500° into car- 
bon dioxid and a lower oxid of carbon. It is claimed that people have ignored 
these two facts when considering this reaction from a theoretical point of view. 

W. D. B. 
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The action of metals on nitric acid. 7. C. Freerand G. O. Higley. Am. 
Chem. Jour. 21, 377 (1899). — The following conclusions are reached : 

1. Silver, copper, iron and electrolytic hydrogen have nearly the same 
effect on concentrated nitric acid, nearly pure nitrogen dioxid being evolved. 

2. In respect to their action on dilute nitric acid, the order of the metals 
silver, copper, lead, and iron is that of the potential series. 

3. The activity of electrolytic hydrogen depends, in a marked degree, 
upon the character of the electrode upon whose surface it is liberated. 

4. Electrolytic hydrogen in contact with cathodes of copper and of silver, 
effects reduction of nitric acid in proportion to the current density. 

5. When nitric acid having a specific gravity of 1.05 is subjected to elec- 
trolysis in cells having cathodes of silver and lead, respectively, on the surface 
of which cathodes there is equal current density, the reduction products are the 
same, i. e., nitrogen and ammonia in approximately the same proportions. 

6. Silver and lead, when dissolved in acid of specific gravity 1.05, vield 
reduction products which are widely different, both qualitatively and quantita- 
tively, since from the silver there is obtained nitric oxid and nitrogen dioxid 
equivalent respectively to ninety-five and five percent of the metal dissolved, 
while with lead the products are nitric oxid, nitrogen dioxid and nitrous oxid 
equivalent, in the order name‘, to 2.5, 7.5 and 70 percent of metal dissolved. 

7. Lead reduces nitric acid of specific gravity 1.05 much more completely 
than copper, yielding about five times more nitrous oxid than the latter. On 
the other hand copper when made the cathode of an electrolytic cell contain- 
ing the same strength of acid, has a much greater energizing effect upon the 
hydrogen deposited upon its surface than is shown by lead under the same cir- 
cumstances and produces almost three times as much ammonia as the latter. 
This conclusion is even more emphatically impressed on us by comparison of 
the results with lead and silver. 

8. Since in the electrolysis of nitric acid with a constant current the ac- 
tion of metallic ions is excluded, and the reduction must be effected by the 
hydrogen ions in contact with the surface of the different metals, and since, 
therefore, the hydrogen ion, in contact with the respective metals, is the sole 
reducing agent, it follows that the widely different products obtained when lead 
and silver dissolve in nitric acid cannot be attributed to the hydrogen atoms 
alone, but must also involve the direct deoxidizing effect of the metals them- 
selves. Undoubtedly with the concentrated, and hence not ionized, acid, the 
metals alone cause the change, but with a greater dilution both metals and hy- 
drogen unite in causing reduction. The theory of nascent hydrogen cannot 
therefore be held in regard to the stronger acids, in which only nitrogen dioxid 
and nitric oxid are given off, but, subject to the modifications given above, is 
undoubtedly valid in relation to dilute acid. W.D. B. 


Action of sulfuric acid on metals. J/. Berthelot. Ann. Chim. Phys. 


14, 176 (4898).— Zine is attacked by sulfuric acid chiefly with evolution of 
hydrogen. By varying the concentrations and temperatures considerable quan- 
tities of sulfur dioxid and hydrogen sulfid may be formed. The sulfurous acid 
may be further acted upon by zine and the hydrogen sulfid may be decomposed 
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by the sulfuric acid. At 145° the action of iron on sulfuric acid forms hydro- 
gen and sulfur dioxid, the escaping gas containing seventy-five percent of 
sulfur dioxid. With cadmium, sulfur dioxid does not appear much below 160°; 
with lead, sulfur dioxid is given off at 180°. Mercury is not attacked by cold 
H,SO,H,O. With silver, sulfur dioxid is given off above 100°; the same with 
copper. At 160° cuprous sulfate is formed. All the metals attack sulfurous 


acid. W. D. B. 
Remarks on the reaction between hydrogen and sulfur dioxid, and on the 
nascent state. .W/. Berthelot. Ann. Chim. Phys. (7) 14,289 (7898). — A tabu- 


lated statement of the conditions under which hydrogen does or does not react 

with sulfur dioxid, ana recapitulation of the author's theory of nascent hydro- 

gen, published in 1864, in which everything is referred to secondary heat effects. 
fe i eS 

Direct action of sulfuric acid on mercury at ordinary temperatures. J/. 

Berthelot. Comptes rendus, 125, 749 (1897); Ann Chim. Phys. (7) 13, 70 


(7898).— Sulfuric acid of maximum concentration attacks pure mercury in the 
cold; but this is not the case with a diluted acid. Thermochemical data are 
cited to explain this. W.D. B. 


Influence of oxygen on the decomposition of the hydracids by metals and 
especially by mercury. J/. erthelot. Ann. Chim. Phys. (7) 13 73 (1898).— 
Reviewed (3, 123) from Comptes rendus, 125, 746 (1897). 


On the first stages of the combination between hydrogen and oxygen. J/. 
Berthelot. Ann. Chim. Phys. (7) 13, 30 (1898).— Reviewed (3, 122) from 
Comptes rendus, 125, 171 (1897). 


On the analysis of oxygen in gaseous mixtures and on the use of chromous 
salts. J/. Berthelot. Comptes rendus, 127, 24; Ann. Chim. Phys. (7) 15, 
289 (/898).—A study of the absorption of oxygen by chromous salts. It was 
observed that chromous chlorid in presence of concentrated hydrochloric acid 
decomposes water with evolution of hydrogen. (Cf. Peters, 2, 452.) 

HW. D. B. 

On the absorption of oxygen by pyrogallate of potassium. J/. Lerthe!ot. 
Comptes rondus, 126, 1066, 1459; Ann. Chim. Phys. (7) 1§, 294 (7898). — One 
formula weight of pyrogallol absorbs three of oxygen when potassium or sodium 
hydroxid is present in excess, four with ammonia in excess, and one with barium 
hydroxid in excess. HW. D. BR. 


On the decomposition of nitric acid by heat at moderate temperatures. .1/. 
Berthelot. Comptes rendus, 127, 83; Ann. Chim. Phys. (7) 15, 325 (1898). — 
Nitric acid does not decompose in the dark at ordinary temperatures but does 
at 100°. The reaction is then discussed on a thermochemical basis. 1”. 2). B. 


On the reaction between free hydrogen and nitric acid. J/. Berthelot. 
Comptes rendus, 127, 87; Ann. Chim. Phys. (7) 1§, 327 (1898). — Free hydro- 
gen does not attack concentrated or dilute nitric acid even at 100°. HH”. D. B. 

Action of hydrogen on sulfuric acid. J1/. Berthelot. Ann. Chim. Phys. 
(7) 13, 64 (7898). — Reviewed (3, 123) from Comptes rendus, 125, 743 (1897). 
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Velocities. 

The inversion of sugar by salts. 1. Kahlenberg, D. J. Davis and R. E. 
Fowler. Am, Chem. Jour. 21, 1 (7899).— The authors have studied the action 
of various sulfates and chlorids on sugar solutions, following the course of the 
reaction by means of freezing-point determinations when the color of the solu- 
tions made the use of the polariscope difficult. At 55.5° the sulfates of manga- 
nese, zinc and cadmium had no inverting effect ; the sulfates of nickel, copper 
and aluminum inverted cane sugar, the rate of inversion being highest with the 
aluminum salt and lowest with the nickel salt. The order for the chlorids is: 
manganese, cadmium, copper, mercury, aluminum, the aluminum sulfate giv- 
ing the highest reaction velocity. The authors call attention to the fact that, 
with the exception of aluminum, this is the order of the electrolytic solution 
tensions. The fact that chlorids invert more rapidly than sulfates is said to be 
‘because the ionizing tendency of chlorin is greater than that of the sulfuric 
radical ’’. W. D. B. 


The decomposition of sulphonic ethers by water, acids and salts. /. H. 
Kastle, P. Murrill, and J. C. Frazer. Am. Chem. Jour. tg, 894 (1897). —One 
one-thousandth formula weight of the ethyl ether of p-brombenzenesulfonic 
acid was dissolved in fifty formula weights of acetone and fifty thousandths for- 
mula of a weight of water or alcohol were added. Under these conditions the 
concentration of the water or the alcohol may be considered as remaining con- 
stant and the reaction becomes a monomolecular one. A satisfactory constant 
was obtained, the reaction running nearly four times as fast with water as with 
alcohol. The presence of the acids and salts apparently decreased the reaction 
velocity but it was found that two reactions were then taking place simulta- 
neously : 

RSO,C,H, + MX = RSO.OM + C,H;X 
RSO,C,H, — HOH = RSO,OH + C,H;OH. 
On changing the method of analysis so as to keep track of both reactions it was 
found that the rate of decomposition was higher with acids than with water. 
W. D. B. 


On the hydrolysis of acid amids. /. Remsen and E. E. Reid. Am. Chem. 
Jour. 21, 281 (1899).—The authors have determined the rate of hydrolysis of 
ortho-, meta- and para-nitrobenzamids with hydrochloric and sulfuric acids, the 
rate of hydrolysis of the same amids with alkalies, and the rate of hydrolysis of 
seventeen amids with hydrochloric acid at the temperature of boiling water. 
The reaction is bimolecular even in alkaline solutions and satisfactory constants 
were obtained in nearly every case. The presence of neutral salts has a marked 
effect. The effect of temperature changes may be expressed by the formula 
dlogK/8T =B. The ortho substituted benzamids react much less readily than 
the others, and the nature of the substituted group appears to be of more impor- 
tance than its formula weight. W. D. B. 


The oxidation of formic aldehyde by hydrogen peroxide. /. //. Kastle and 
A. S. Loevenhart. Jour. Am. Chem. Soc. 21, 262 (1899).— A study of the 
rate of oxidation of formaldehyde by hydrogen peroxide. The reaction proved 
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to be bimolecular. At 20° the reaction runs more rapidly in the light than in 
the dark; at about go° the rates are the same. It seems probable that the re- 
action runs with almost infinite slowness below zero both in direct sunlight and 
in the dark. Acids accelerate the reaction somewhat and bases enormously. 
It is therefore proposed to use this reaction as a means of determining the 
amount of hydrolysis in salts of weak acids. WD. B. 


Comparative study of the three dinitrobenzenes. II. (©. 4. Lobryde Bruyn 
and A. Steger. Recueil Trav. Pays-Bas, 18, 9 (1899).— Menschutkin assumed 
that in all reactions involving disubstituted benzene compounds eitherthe meta . 
or the para compound would show the intermediate reaction velocity, but never 
the ortho compound. In the reaction between the dinitrobenzenes and sodium 
alcoholates the authors have found an instance in which the para compound 
reacts with the greatest and the meta compound with the least velocity. It is 
also pointed out that a similar phenomenon was noticed years ago by Post and 
Mertens, in the reaction of aqueous solutions of the nitrophenols on barium 
carbonate. W. D. B. 


The rate of substitution of a nitro group in ortho- and paradinitrobenzene 
by an alcoholate. 4. Steger. Recueil Trav. Pays-Bas, 18, 13 (1899). — The 
author worked with sodium methylate in methyl alcohol solution and with so- 
dium ethylate in ethyl alcohol solution. The reaction with sodium methylate 
may be represented by the equation 

C,H,( NO, ), + NaOCH, =C,H.NO,.OCH, — NaNO,, 

The reaction velocity is higher with f-dinitrobenzene than with o-dinitroben- 
zene, and higher with sodium ethylate than with sodium methylate. The re- 
action velocity practically doubles for a rise of ten degrees in temperature, the 
rate of change being a trifle greater with f-dinitrobenzene than with o-dinitro- 
benzene. The f-dinitrobenzene reacts eight to nine times as fast with sodium 
ethylate as does the o-dinitrobenzene, and two and one-half to three and one- 
half times as fast with sodium methylate. The reaction velocity constant is 
independent of the absolute and relative concentrations, and is not affected by 
the presence of the sodium salt whereas the constants in the formation of ethers 
from alkyl iodids and sodium alcoholates (Conrad, Hecht and Briickner ) in- 
creased with increasing dilution and decreased on addition of sodium iodid. 


WD. B. 
Studies on the influence of the medium on the reaction velocity of gaseous 
systems. £. Cohen. Zeit. phys. Chem, 25, 483 (1898). — The decomposition 


of arsin was taken as the reaction to be studied. It was found that the rate of 
decomposition at 310° was not affected by the presence of hydrogen or of nitro- 
gen. On the other hand a change in the surface of the glass may cut the 
reaction velocity down ninety percent. WD. B. 


On the influence of temperature and certain metallic oxids on the formation 
of sodium sulfate from sulfur dioxid, air and sodium chlorid. /. Arufwig and 
A Dernoncourt. Recueil Trav. Pays-Bas, 17, 348 (18g8).— A continuation of 
the work described in a previous paper (2, 204) with special reference to the 
effect of temperature. It was found that at constant temperature the change of 
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sodium chlorid into sulfate is accelerated by increasing the amount of ferric 
oxid. When the temperature alone changes, the maximum yield is obtained at 
about 500°. Copper oxid is a much better catalytic agent than ferric oxid and 
is most efficient at about 450°. W. D. B. 


New experiments on the explosive properties of acetylene. J/. Bethelot and 
Vieille. Ann. Chim. Phys. (7) 13, 7 (1898). — Reviewed (1, 749) from Comptes 
rendus, 124, 988, 996, 1000 ( 1897). 


Electromotive Forces. 


Studies on metallic sulfid electrodes. /. Bernfeld. Zeit. phys. Chem. 25, 
46 (1898). — The reaction at the lead sulfid electrode may be represented by the 
equation PbS + H,S:=2Pb + 2HS, and the formula for the concentration cell is 


RT C/ns RT ™ Cy’ tes 


ES Cus 2b 8 Cy Has 





TT 





where the C’ and C,’ refer to the more concentrated solution. By keeping the 
partial pressure of hydrogen sulfid gas the same in the two solutions the second 
term on the right-hand side of the equation drops out and it is possible to 
study the effects due to variations in the concentrations of sodium sulfhydrid, 
the current flowing through the cell from the more to the less concentrated 
solution. By keeping the concentration of sodium sulfhydrate the same in the 
two solutions, the first term on the right-hand side of the equation drops out 
and it is possible to study the effect of varying the partial pressures of hydrogen 
sulfid, the current now running through the cell from the more dilute to the 
more concentrated solution. Both these things were tried and a satisfactory 
quantitative agreement between experiment and theory was obtained. Experi- 
ments were also made with silver sulfid and with bismuth sulfid as electrodes. 


W. Dz. B. 


On a new (fourth) kind of inversion cell. £. Cohen. Zeit. phys. Chem. 
25, 300 (1898). — The new form of cell has one electrode reversible with respect 
to the cation and the other reversible with respect to the anion, the two elec- 
trodes dipping into a saturated solution of a salt, the stable solid salt being 
present. The Clark cell with saturated zinc sulfate solution belongs under this 
head. If we determine and plot the corresponding temperatures and electromo- 
tive forces, we shall find a break in the curve at the temperature at which 
ZnSO,7H,O changes into ZnSO,6H,O. From the measurements of Callendar 
and Barnes the author finds 38.75° for the inversion temperature. From the 
solubility determinations of Callendar and Barnes the point appears to lie at 
39.90°, while the author’s measurements with the dilatometer place the point 
at 38.50°. W. Dz. B. 


A contribution to the theory of the lead accumulator. /. Foerster. Zeit. 
Elektrochemie, 3, 525 (1897).— The author prefers LeBlanc’s hypothesis of 
tetravalent, lead as ion to Liebenow’s hypothesis of bivalent lead peroxid as 
ion, because the former view harmonizes better with the phenomena observed in 
the electrolysis of solutions of copper and of thallium salts. W. D. B. 
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On the electromotive behavior of chromium. W. Hittorf. Sitzungsber. 
Akad. Wiss. Berlin, 1898, 193. Reviewed (2, 450) from Zeit. phys. Chem. 25, 
729 (1898). 


On the use of aluminum for changing alternating into direct currents. A 
Campetti. Atti. Accad. Sci. Torino, 34, 90 (1898). — Experiments have been 
made to determine the loss of energy when an alternating current is transformed 
into a direct one by means of aluminum anodes and platinum cathodes, the 
electrolyte being potash alum. The alternating current was obtained from stor- 
age cells by means of a rotating commutator. It was found that the efficiency 
is greater, the higher the current density at the electrodes; but it is probable 
that the minimum waste always exceeds the five percent estimated by Graetz. 
A solution of chrome alum was much less satisfactory than one of potash alum. 

W. D. B. 

Addition to the paper: On the residual current observed with polarized elec- 
trodes. £. Salomon. Zeit. phys. Chem. 25, 365 (7898).—In the original 
paper (2, 66) it was postulated that ‘‘a stationary state will occur when the 
amount of metal transported by the current in a given time is equal to the 
amount of metal carried in the opposite direction by diffusion"’. This is not 
right because the two forces work in the same direction. A new and presuma- 
bly more accurate formula is worked out which does not agree at all with the 
experimental data, whereas the old formula represented these data very satis- 
factorily. No explanation could be found to account for this dicrepancy. 


W.D. B. 


Determination of the internal resistance of galvanic cells having low polari- 
zation capacities. FE. Haagn. Zeit. Elektrochemie, 3, 440 (1897). — Reviewed 
(1, 697) from Zeit. phys. Chem. 23, 97 (1897). 


Principles of construction, and efficiency of our mirror galvanometers. 7. 
Des Coudres. Zeit. Elektrochemie, 3, 417, 441, $65, 489, 513 (1897). — A most 
serviceable and interesting account of the general principles of the Wiedemann, 
Thomson, and Deprez-d’Arsonval types of galvanometer. W.D.B. 


Absolute electrometer for small differences of potential. A. Prot and C. 
Fabry. Ann. Chim. Phys. (7) 13, 404 (1898).— The complete description of 
the instrument, a brief account of which has already been published (1, 520). 


Electrolysis and Electrolytic Dissociation. 


The electrolysis of mixtures. 4 Schrader. Zeit. Elektrochemie, 3, 498 
(1897). — The author has determined the transference numbers of mixtures of 
potassium chlorid and potassium iodid, of sulfuric acid and copper sulfate. 
Assuming that the migration velocities are the same in the mixtures as in the 
solutions of the single salts, the author calculates the amount of dissociation in 
the mixtures. He also compares the amount of copper precipitated secondarily 
from the acid copper sulfate solution with the amount that would have been 
precipitated secondarily, if no hydrogen had been set free. W.D. B. 


On current distribution in mixed solutions ofelectrolytes. A’. Hop/gartner. 
Zeit. phys. Chem. 25, 115 ; Zeit. Elektrochemie, 4, 445 (1898). — The transfer- 
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ence number Nu; for hydrochloric acid varies irregularly about a mean value 
of 0.167 as the concentration changes from /10 to g7/10. The corresponding 
value Nc; for sodium chlorid increases from 0.617 to 0.635 through the same 
range of concentrations, and the value Nc: for barium chlorid rises from 0.579 
to 0.617. For Nso, in CuSO, there was found 0.696 for normal solutions and 
0.684 for two-thirds normal solutions. Experiments were then made to deter- 
mine the transference numbers in different mixtures of sodium chlorid and 
hydrochloric acid, of barium chlorid and hydrochloric acid, and of copper and 
magnesium sulfates. The general conclusion reached was that the transference 
numbers remain unchanged in mixtures at any rate up to moderate concentra- 
tions. W. D. B. 


Electrolytic reduction of nitrobenzene. Hi’. Lob. Zeit. Elektrochemie, 3, 
471 (1897). —In formic acid, acetic acid or oxalic acid solution with lead cath- 
odes, the chief reduction product was benzidin, the yield being 70-80 percent 
of the theoretical. In ammoniacal solution azobenzene was formed together 
with some hydrazobenzene. W.D. BP. 


Contributions to the electrolysis of the alkaline bromids and fluorids. //. 
Pauli, Zeit. Elektrochemie, 3, 474 (1897).— With potassium bromid the re- 
sults were like those obtained by Oettel with potassium chlorid, save that the 
bromate was more easily reduced than the chlorate, and that it was not possible 
to obtain bromate alone with but the merest trace of hypobromite. When po- 
tassium fluorid was electrolyzed there was evolution of ozone and the glass was 
etched but neither oxyfluorid nor hydrogen peroxid could be detected. 


W.D. B. 


On the copper voltameter. /. Foerster. Zeit. Elektrochemie, 3, 479 (1897). 
— Reviewed (1, 525) from Zeit. anorg Chem. 14, 106 (1897). 


On the influence of the time on the process at the cathode in the electrolysis 
of copper sulfate solution. C. /7/mann. Zeit. Elektrochemie, 3, 516 (1897 ).— 
The author worked with horizontal electrodes and constant current, and noted 
the time between the closing of the circuit and the sudden increase of polariza- 
tion which always precedes the precipitation of black copper and the evolution 
of gas. It was found that 7) 4 —const where i — current, /=time and m 
concentration. The value of the constant appears to increase slightly as the 
value of # decreases. W.D. RB. 


The LeSueur process for the electrolytic production of sodium hydroxide and 


chlorine. C. 1. Parsons. Jour. Am. Chem. Soc. 20, 868 (1898). — An account 
of the process for making caustic soda and bleaching powder now in use at 
Rumford Falls. W.D.B. 


The formation of alums by electrolysis. /. 1. Howe and E. A. O' Neal. 
Jour, Am. Chem. Soc. 20, 759 (7898).—I1ron ammonium alum can easily be 
obtained in quantity by electrolyzing a solution of ferrous sulfate, ammonium 
sulfate and sulfuric acid between platinum electrodes. A current of about 0.02 
amperes was used. Iron rubidium alum and iron cesium alum were prepared in 
a similar manner substituting rubidium sulfate and cesium sulfate respectively 
for ammonium sulfate. The authors also prepared cobalt rubidium, cobalt cesium 
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and chromium ammonium alums but were unsuccessful in their attempts to 
make various manganese alums. The electrolysis of cesium ruthenium nitroso- 
chlorid plus sulfuric acid vielded ruthenium teroxid. W. Dz. B. 


Measurements of the electrical conductivity of dilute solutions at tempera- 
tures up to 100°. &. Schaller. Zeit. phys. Chem. 25, 497 (7898).—It was 
found that the electrodes hold traces of solution fast, and that they must be 
washed a long time before they can be used with water. It is therefore desira- 
ble to use as small electrodes as possible. Vessels made of Jena glass can be 
used for neutral salts and acids even atg9°. With electrolytes which may be 
considered as completely dissociated the conductivity was found to be practi- 
cally a linear function of the temperature. The conductivity of partly dissoci- 
ated acids increases more and more slowly as the temperature rises and may 
pass through a maximum. The degree of dissociation of these substances de- 
creases with rising temperature. The temperature coefficients of sodium salts 
with the same number of combining weights in the anion are equal. The sub- 
stances studied were KCl, NaCl, KNO,, NaNO,, HCl, NaOH ; the sodium salts 
of benzoic, salicylic, m-toluylic, cinnamic, anisic, p-toluylic, o-toluylic, p-nitro- 
henzoic, o-nitrobenzoic, m-nitrobenzoic, o-chlorbenzoic, 0-iodbenzoic, o-brom- 
benzoic and m-brombenzoic acids; the free acids with the exception of f-nitro- 
benzoic, o-brombenzoic and m-brombenzoic acids, and including m-iodbenzoic 
acid and a-bromcinnamice acid. W.D. B. 


On the successive dissociations of dibasic organic acids. Hi. 1. Smith. 
Zeit. phys. Chem. 25, 144, 93 (1898).— The concentration of hydrogen as ion 
was calculated from the rates at which the acids and the acid salts invert cane 
sugar at 100°. It was noticed that potassium chlorid inverts sugar at 100°. The 
following general conclusions were reached. The dissociation of the second 
hydrogen as ion is less and the dissociation of the first hydrogen as ion is greater 
the nearer together the two carboxyl groups are. The dissociation of the sec- 
ond hydrogen as ion is less in a substituted than in the original acid save when 
the substituting group is hydroxyl. The influence of the substituting groups 
has the opposite effect on the dissociation of the second hydrogen as ion from 
that which it has on the dissociation of the first hydrogen asion. W. D. B. 


Metathetic reactions between certain salts in solution in liquid ammonia. 
E. C. Franklin and C. A. Kraus. Am. Chem, Jour. 21, 7 (1899).— The 
authors have dissolved the nitrates of lithium, sodium, potassium, calcium, 
strontium, barium, magnesium, zinc, manganese, cobalt, nickel, cadmium, mer- 
cury, lead, silver, and copper in liquid ammonia and have added to these solu- 
tions of the sulfid, chlorid, bromid, iodid, chromate and borate of ammoniun in 
the same solvent. Owing to the dissociating power of liquid ammonia, it was 
believed that metathetical reactions would take place promptly when the reac- 
tion products were insoluble. This proved to be the case and the results are 
presented in tabular form. W. D. B. 


Dielectricity and Optics. 


On the refraction of air, oxygen, nitrogen, argon, hydrogen and helium. /I’. 
Ramsey and M. W. Travers. Zeit. phys. Chem. 25, 100 (1898). — The method 
was that of Rayleigh. Taking the index of refraction of air as unity, the fol- 
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lowing values were found: hydrogen, 0.4733; oxygen, 0.9243; nitrogen, 
1.0163 ; argon, 0.9596; carbon dioxid, 1.5316. It was found that the index of 
refraction of air is a little higher than that calculated from the values for the 
component gases while for a mixture of hydrogen and helium the found value 
was about three percent lower than the ca!culated value. W. D. B. 


On the refraction and dispersion of silicon in its compounds. G. Ada/i. 
Zeit. phys. Chem. 25, 353 (1898 ). — Data are tabulated for eleven compounds of 
silicon. The atomic refraction of silicon as calculated from the compounds 
varies not only with the constitution and the type of the compound, but with 
the nature of the elements, becoming larger as the substituting group changes 
from alcoholate through chlorin and bromin to an alkyl group. The value ob- 
tained from the propyl orthosilicate is 7.58; from hexapropyldisilicate, 6.04. 
This lower value is believed to be due to the presence of the group Si-O-Si. 
The specific dispersion increases from chlorid to bromid and has the highest 
value with silicon ethyl. The general results remain unchanged whether the 
n or the 2? formula be use for calculating the specific refraction. W. D. B. 


The color of sulphur vapor. /. 1. Howe and S.G. Hamner. Jour. Am. 
Chem. Soc. 20, 757 (1898). —‘* The color of sulphur vapor varies with the tem- 
perature, being of an orange tint just above its boiling-point, deepening to a red 
which is strongest at 500°, and then becoming lighter with increasing tempera- 
ture. The color at the boiling-point is that of a normal solution of potassium 
bichromate ; that of the deepest red is that of a rather dilute solution of ferric 
thiocyanate.”’ W. D. B. 


On the color of compounds of bromin and iodin. /. H. Aastle. Am. Chem. 
Jour. 21, 398 (1899). — A dilute aqueous solution of bromin has practically the 
same color as chlorin water. The author attributes the yellow and red colors 
of some bromids and iodids to the presence of the free bromin and free iodin. 
The change of some bromids and iodids from white to yellow or red on heating 
is due to the increase of dissociation with rise of temperature. The author has 
made a strong argument in favor of his hypothesis and it now remains to be 
seen how useful this hypothesis is to be. W.D. RB. 


On the realization of an optically empty liquid. W. Spring. Bull. Acad. 
roy. Belg. 1899, 174; Recueil Trav. Pays-Bas, 18, 153 (1899). — Tyndall called 
a gas optically empty when the path of a ray of light could not be detected. In 
1869 Lallemand showed that all liquids became illuminated when a ray of light 
passed through them. Since then it has been a disputed question whether this 
irradiation were due to particles in suspension or were an inherent property of 
liquids. Spring has confirmed the previous observations that it is impossible 
to make liquid optically empty by distillation. Filtration through cotton-wool 
increased the irradiation. On the other hand passing an electric current of 
high potential through the solution, or forming a colloidal precipitate and allow- 
ing it to settle gave an optically empty liquid. W. D. B. 


On the reason for the absence of color in certain limpid, natural waters. IW’. 
Spring. Recueil Trav. Pays-Bas, 17, 359 (1898).— Pure water has a blue 
color. If the complementary color be added, the result will be a colorless 
liquid. The author shows that the presence of haematite in a moderately thick 
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layer on the bottom of the pond, lake or river will produce this effect as will 
also invisible particles of the same substance in suspension. W. D. B. 


On the single cause of the blue color of water. W’. Spring. Bull. Acad. 
roy. Belg. 1899, 72; Recueil Trav. Pays-Bas, 18,1 (7899). — Tyndall's experi- 
ments have been repeated and it was found that suspended particles do not give 
a blue color to the water. Further experiments showed that fluorescence was 
not a factor, and the final conclusion reached is that the blue color of water is 
due simply and solely to the fact that water is blue in color. W. D. B. 


Experiments on the relations subsisting between light and chemical energy. 
M. Berthelot. Comptes rendus, 127, 143; Ann. Chim. Pays. (7) 5, (7898). 
—WNitric, iodic, and hydriodic acids are decomposed by sunlight at ordinary 
temperatures, the reaction products being the same as when these substances 
are decomposed by heat. The rays from the blue end of the spectrum are the 
most efficacious, the decomposition of nitric acid being entirely prevented by 
the interposition of a solution of potassium bichromate. Red mercuric oxid is 
more readily decomposed by light than the yellow oxid. W. D. B. 


Observations on the action of oxygen on carbon bisulfid, and on the chemical 
action of light. J/. Berthelot. Comptes rendus, 126, 1060; Ann. Chim. 
Phys. (7) 14, 155 (7898). — A flask containing carbon bisulfid and air was left 
for a year in a well-lighted room where it, however, received no direct sunlight. 
At the end of that time, no change could be detected. A similar flask was ex- 
posed to direct sunlight and decomposition of the carbon bisulfid was found to 
have taken place. From this the author concludes that the reaction between 
carbon bisulfid and oxygen requires a certain intensity of light to start it, dif- 
fering in this respect from the reaction between hydrogen and chlorin. 

W. Dz. B. 


On the decomposition of some substances under the influence of electrical 
oscillations. A.v. Hemptinne. Zeit. phys. Chem. 25, 284 (7898).— The sub- 
stances are all decomposed by electrical oscillations. Isomeric substances some- 
times gave the same and sometimes different reaction products. The alcohols, 
aldehydes, acetones, acids and ethers which do not contain more than one or 
two of oxygen and which have a relatively simple constitution decompose in 
such a way as to form a hydrocarbon and oxygen, carbon monoxid or carbon 
dioxid. Thus the chief reaction products of acetone are carbon monoxid and a 
mixture of ethane and methane. No generalizations could be made as to the 
way benzene compounds decompose. (See 1, 630). WW’. D. B. 


The effect of X-rays on the luminosity of gases. 4.7. Hemptinne. Zeit. 
phys. Chem, 26, 165 (/So8). — Gases and vapors become luminous at distinctly 
higher pressures when acted on simultaneously by the X-rays and by electrical 
oscillations alone. The percentage rise of pressure is 32.4 for hydrogen, 33.3 
for oxygen, 57.1 for methyl alcohol, 57.5 for ethyl alcohol, 64.3 for ether and 80 
for chloroform. (See 1, 630). WH. D. B. 


On the series spectra of oxygen, sulphur and selenium. C. Aunge and 
F.. Paschen. Astrophys. Jour. 8, 70 (18¢8).— This is the full paper an abstract 
of which has already been reviewed. (2, 271 
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Crystallography, Capillarity and Viscosity. 


The surface tensions of aqueous solutions of alkaline chlorides. C. £. Line- 
barger. Jour. Am. Chem. Soc. 21, 411 (1899).—The author has determined 
the surface tensions of aqueous solutions of lithium, sodium and potassium 
chlorids at 25°. The measurements run to saturated solutions with socium and 
potassium chlorids, and nearly to saturation with lithium chlorid. The surface 
tension increases with increasing concentration and is not a linear function of 
the concentration, though the variation from the straight line is very slight for 
moderate ranges of concentration. When the concentrations are expressed in 
formula weights per liter the curves for the three salts are identical. 


W. D. B. 
Viscosity of supercooled liquids. G. 7ammann. Zeit. phys. Chem, 28, 
17 (1899).— When a substance is called solid or liquid, its greater or less vis- 


cosity is usually considered as the criterion. This leads to contradictions and 
is nota suitable standard. A discontinuity in the rate of change of at least 
some of the properties of the substance at the point of passing from the liquid 
to the solid condition of aggregation is the only definition always applicable. 
Crystalline bodies show such discontinuity without exception; even the fluid 
crystals show it. Amorphous bodies do not. “Therefore all amorphous bodies 
are to be considered as snpercooled liquids. Thus solid is synonymous with 
crystallized. Measurements of the viscosity of substances have not been carried 
very far because of the ease with which spontaneous crystallization takes place. 
Some substances are now known which do not crystallize readily and the inves- 
tigations may be carried out. The viscosity of a liquid may be calculated from 
the rate at which a sphere falls through it. Experiments were undertaken, de- 
termining the rate at which a small platinum sphere one millimeter in diameter, 
fell through piperin and betol at different temperatures. The recovery of the 
ball for the next experiment took too long, so another method was adopted. A 
glass rod was hung in the liquid to be investigated by a thread passing over a 
wheel, and a small excess weight at the other side imparted an inclination to 
rise to the rod. The rate was measured at which the rod rose through the sub- 
stance at different temperatures. Experiments were carried out with piperin, 
betol, alphol, peucedamin, cocain, papaverin, grape sugar, brucin and cane 
sugar. On the average the rod began to move perceptibly go° below the melt- 
ing-points of the substances. The viscosity diminishes so rapidly with increas- 
ing temperature that it may be said no other property of substances changes at 
such a rate. No point of discontinuity was observed in its rate of change. 
Experiments were made on the change in volume and in the surface tension of 
betol with increasing temperature. No break was perceptible in the continuous 
change of these properties. S. L. B. 


Measure of the coefficient of viscosity of air. C. Kabryand A. Pérot. Ann. 
Chim. Phys. (7) 13) 275 (7898).— The electrometer previously described (1, 
520) reaches the position of equilibrium very slowly when the distance between 
the plates is small, because of the viscosity of the film of air. A study of the 
movement caused by a small excess charge in the centre of the movable plate 
has led toa new measure of the coefficient of viscosity of air. The final value 
is 7 = 1.73X 10-*dynes/cm?. W. D. B. 











THERMAL COEFFICIENTS 


BY J. E. TREVOR 


Introduction 


In the thermodynamics of isotropic one-phase systems of 
constant mass and composition, it has long been known that the 
thermal coefficients Y, and Y, of the heat equation 


@’Q = Y,dx, + Y,dx,, 


in which x, and x, represent the independent state-variables of 
the system, can be expressed as functions of certain fundamental 
functions — the energy, the ‘characteristic functions’ of Massieu, 
and the y-function of Gibbs— and the partial derivatives of these 
functions. A few of these formulas are well known. The object 
of the present paper is to derive them all, and to point out the 
analytical relationship that obtains between them. 

If we take the volume v and the thermal potential, the 
*% thermodynamic temperature, @ of our system as independently 
variable, the pressure f and the entropy 7 will be determined by 
these quantities; and we shall have two equations 


Sp, 7,0) =o (1) 

$(n, 7,0) =o, (2) 
of unknown forms, between these four variables, and such that 
by elimination we may obtain the two further equations 
F(~,0,7) =o (3) 
O(f,7,7) = 0. (4) 
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Because of these four equations, we may use the equations 
ap ov 30 
dv 00 a 
an a 30 
dv 30 3” 
dp 30 dn 
00 37 ap 
op O27 On 
ov 09 OP 











which correspond to them. 
We have, further, for the differential of the energy of the 
system, 


dE— pdv + Ody : 


wherefore, with the aid of the definitions 


F — E— 6 (6) 
G—E-+ pr (7) 
H —E + pv — 6, (8) 
we can write the familiar differential equations 
dE(v,n) — — pdv + Ody (9) 
dF (7,0) pdv — ndd (10) 
dG( p,n) udp + Odn (11) 
dH(p,0)=— vdp— nde, (12) 


from which follow, successively, the four ‘thermodynamic rela- 
tions’ 


op 00 


an do (13) 
w= e 4) 
on 30 
=~ » (15) 
od 0” 

—~ 36 ap" (16) 


All these relations can be derived directly from (9), by changing 
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the independent variables. To them, further, by this means, 
can be added, in / and 7, the so-called ‘ fifth thermodynamic re- 
lation’ 
87 30)0=— an 80 © 
do 8p Op 3x 


(17) 


and a similar equation in @ and ». 
Now, because of (2), (3), and (4), we can write the heat 
equation of our system in the forms 


0dn — Bedv — Crd (18) 
Ae dp t Cy ae (19) 
B, dv A» dp, (20) 


in which equations the thermal coefficients A, B, C correspond in 
turn to the variables f,7,@. This notation has marked advant- 
ages over that commonly employed. These equations define the 
thermal coefficients 


A+(7, p) Aol p, 0) 
Bo(v, p) Bo( 7, 0) 
C.(7, 0) Cyo( p, 6). 


Expressing each of the equations (18), (19), (20) in the three 
different sets of independent variables, we have: 


In 7,6: Ody — Bedv + C,d0 (18a) 
pO: Be a dp (Be a C.)d0 (184) 
“op: (Bs + Cy 00 ) ae C, Oy dP (18¢) 
In /,0: Odn — Aodp + Cy dO (19a) 
2,0: Ae? dv + (Ae + Cy)dd (198) 
op: c, ~ dvi (% oo Ae) dp ; (19¢) 
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In 7p: O0dn — Bp dv + A, dp (20a) 

‘a Q- %), op 
0,0: = (By + Ag? Jao + AvS4 a0 (206) 

20: : (B a A.) dp + B, a0 (20¢) 
’ ip op shy ip a0 e > 


Comparing, now, the different pairs of equations in the same 
variables, and rearranging, we find the following six relations 
between the six thermal coefficients : 





Be Ag d (21) 
B, + A, of (22) 
j By Cy “d (23) 
Be T c, ~ (24) 

“ op - 
Cy A, a0 ' ( #) ) 
= Ag ~ + Cp. (26) 


{t should be noted that the above derivation of these 
relations (21) to (26) is essentially as follows. Solving equations 
(2), (3), and (4) for »; and substituting successively, in each one, 
the value of each of the independent variables, as taken from the 
equation of state (1); we get the series of equations 


n~ g[v, % p,v)] n —h[v( p,0), 0] 
‘Lp, OC p,v)] = j[p(v,0), 0] 
AL p, w( p,0)] /[p(7,@), v]. 


Differentiating these equations with respect to each of the in- 
dependent variables in turn, we find 
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( (2), (22), 3), 
) 
| 
| 


)-G).% 


and so on through the set. These equations, when multiplied 


through by @, become the relations (21) to (26). 


Direct determinations 


From the heat equations (18), (19), (20), 


(18) Ody -— Bedv + C, db 
(19) Ag dp + C,d0 
(20) = Bydv + A,dp, 


we deduce for the thermal coefficients the formulas 


Av 0(3"). 
ar 0(35), 
B —0(3"), 
Bo 03"), 
c= 0( 35), 


( On 
C, (39), 


(27) 


(28) 


Each of the fundamental functions E, F, G, H, by means of 
which these several thermal coefficients are to be expressed, con- 
tains two independent variables, say + and y. In the case of the 
energy these variables are 7 and ». Now, in any case, the indi- 
cated derivatives in certain of the equations (27) to (32) exhibit 
these variables, and a dependent variable z. In the first equa- 


tion of the set, for example, we find the independent variables 
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2,n of the energy equation, and a dependent variable f. In these 
indicated derivatives, both or but one of the new independent 
variables may occur within the parentheses: in some cases we 


shall have 
(32), 0 (32), 


(a), © (32); 


In the first of these cases we have, for the thermal coefficient, 
Oz 
v-0(%), 
Ory 
6 
(=) 
or 
either of which reduces to the desired result on effecting the 
differentiation of the dependent variable z, and replacing @ by 


its value, when @ is not one of the independent variables. 
In the second case, when we have 


YV 6 (3 ) or Y=80 (**). 


in others 


or 
Vv 


y 


we find the expression for the thermal coefficient, by eliminating 
the indicated derivative between the equation in question and 
the general relation (5), 


Or Oy dz 

dy Oz Ox 2 
which may also be written 

ov Ox Oz , 

Ox Oz OV f 


whereby we find 
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mn (02/dy)x 
=~ Teel, 

or 
Yy ee ( d2/dx dy 


(02/dy)x° 


This result is then reduced as before. 

When neither of these cases occurs, when only one of the 
variables to be employed appears in the indicated derivative, it 
may happen that this derivative is related,, through one of the 
four thermodynamic relations, with a derivative in which both 
x and y do appear. In this event, the original derivative may 
be replaced by the new one, and the reduction be continued as 
before. In these ways we shall obtain the thermal coefficients in 
sets of four, as functions of the different fundamental functions 
and their partial derivatives. The remaining two in each case 
must then be found with the aid of the relations (21) to (26) be- 
tween the coefficients. 


The energy, E 


The energy, E, is a function of 7 and ». The equations of 
the set (27) to (32) that exhibit these variables are 


{ A.—0 (37). 

c= 0 (3), 

By = 4 ( ot ), 

| Be 6(3”). 

Taking them in order, we have, first, 
a0) 


- = 6 > 
(dp/8n),’ 








eee ae 


Sie ot ee 


3 . 


Shad ys 


as 


it 
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or, because of (9), 

dE 
on 
vE - 
3.07 


c-0(2), 


- 6 — 
(86/8n)2' 


Second, we have 


whence, because of (9), 

oE 
_o7 
oE 
07* 


Be 6(3") 


or, from the relation (5) in », 7, A, 


Cy 


Third, we have 


(5) be = a 
) dv Op dy 
B (0p/8v), 
, (0p/8n) 0 
whence, because of (9), 
v°E 
sE ke” 
By on ° ~3E 
0707 


Fourth, we have 


Br o(32),. 


or, from the relation (5) in », 7,9, 





(33) 


(34) 


(35) 





— 








— 


[ — 
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(s) oy ov 306 
’ dx 00 On “ 
(06/82), 
* (30/8n)»’ 
whence, because of (9), 
aE 
B dE = 8d” 
6 an a a 
8n* 


53! 


(36) 


This leaves A, and C, to be found with the aid of the relations 


(21) to (26) between the coefficients. 


The free energy, F 


The free energy, F, is a function of 7 


and @. The equa- 


tions of the set (27) to (32) that exhibit these variables are 





c, = 0 (33) 
| a 0(37) with (3°). 
Ag = 9 (3), with ” 


First, we have 


or, because of (10), 


oF 
uae. 
Bo 0700 
Second, we have 
. on 
c 6( 3) 


or, because of (10), 


(37) 
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‘ o’F 
Cc, =_— OSG: (38) 


me 6(37) 


or, by the first thermodynamic relation (1 3), 


n=-(8), 


or, from the relation (5) in 7, @, », 


Third, we have 


(2) on 06 On ; 
: 06 8 ov 
(37/36). 
a 2 6 ; 
= (07/82 )o’ 
whence, because of (10), 
o°F 
Oe 
Ap 6 >°F ‘ (39) 
0602 


Fourth, we have 
0” 
Ae 6 ( ap : 


or, by the fourth thermodynamic relation (16), 


he=- 6(5») 


or, from the relation (5) in 7,9, A, 
de 36 a 
00 Op Oz 


(0p/06). 
(0p/87')e 


(5) 


Ae=6 


whence, because of (10), 
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o°F 
0700 
Ae 6 —S2R (40) 


0:7" 
This leaves B, and C, to be found with the aid of the relations 
(21) to (26) between the coefficients. 
The heat function, G 


The heat function, G, is a function of f and ». The equa- 
tions of the set (27) to (32) that exhibit these variables are 





By 0(3"), 

Cc 6(33), 
| a e(3)), 
| Ao (5”) . 


First, we have 


By ¢(2") 


or, because of (11), 


By a°G a (41 ) 


Second, we have 








c= 7 = 
oo bee — “3 


9: SS ee 


a Se Se 
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or, because of (11), 
dG 
x on 
ae 
n° 


Third, we have 


Ay 6(S") 4 


or, from the relation (5) in », A, 7, 


(<) On OP O27 ' 
- op de On ; 
__ gl 22/2P)» 
~~ "ie, an)» 
whence, because of (11), 
3’°G 
GG ay 
eal o~=—CG 
0/07 
Fourth, we have 
on 
Ay 6( =) 
or, from the relation (5) in », A, @, 
2 dn a 26 
’ dp 36 dy - 
(06/dp) 
fo _ n 
“~ (86/8n)p’ 
whence, because of (11), 
3’°G 
3G fdy 
ite | ~«=—G 


07" 





(43) 


(44) 
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on 


This leaves B, and C, to be found with the aid of the relations 
(21) to (26) between the coefficients. 


The thermodynamic potential, H 


The thermodynamic potential, H, is a function of # and @. 
The equations of the set (27) to (32) that exhibit these variables 


are 
Ag 6 (3”), 


wee” 
» 
F 
YY YY 
vid 





J ). with ( = 
=) 


By — 6 with ($”)., (34). 


{ 


First, we have 


Ae 6(5"), 


or, because of (12), 


o°H 
Ae 95530" (45) 
Second, we have 
‘ on ) 
c,—0( F 
or, because of (12), 
4 o°H 
Cy ary : ( 46 ) 
Third, we have 
on 
B a( ) 
4 ov i 


or, by the third thermodynamic relation, (15), 


Bp 0(% hs 


or, from the relation (5) in /, @, », 
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a% 36 
06 On OP 
( on 00 \p 
Bp ae oy 
whence, because of (12), 
0°H 
30° 
By 6a (47) 
0/00 


Fourth, we have 


Be 0(3"), 


or, by the second thermodynamic relation (14), 


Be 0 (36). 


or, from the relation (5) in A,@,z, 


op 96 dy ; 
00 8: OO . 
( ra 06 \p 
Be (02°/OP je’ 
whence, because of (12), 
0°H 
0pod 
Be rs: a (48) 
07° 


This leaves A, and C, to be found with the aid of the relations 
(21) to (26) between the coefficients. 


The undetermined coefficients 


The problem. — Under each of the four fundamental func- 
tions, two therinal coefficients remain to be expressed in terms of 
the function and its derivatives. These coefficients, together 
with the equation—of the set (21) to (26)—with the aid of 
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which the first coefficient of each pair may be so expressed, are 
exhibited in the following table. 


THE UNDETERMINED COEFFICIENTS 


Function Coefficient Relation 
E Ae on 
A B ( ) (2 
S ” ] ap . I) 
F Bp ( 36 ) 
35: i. ¢. 24) 
Cp By Be C; av, (24 
G Be ( op ) 
C. Be = Ao s. (21) 
H Ap ( 06 ) 
A», +C : (25-26 ) 
Cc. A, Ae Cp ap /, 5 


The energy. — First, we have A, given by the relation (21), 


(21) Ae Be (3) . 


To pass to the variables 7 and » we must note that, in v, A, 4, 


(z) dv Op 06 
. op 36 On 
wherefore 
(00 /8p)x 
Ae - Be 36 * yp . 


which value is transformed by the fifth thermodynamic rela- 
tion (17), 


dn 306 dn 06 
o7 OP op on 


o.. 
(37), (32),(32) 


in which 7 and » appear in all the indicated derivatives save 
(30/07),. By (24) we have 


(17) 


to 


Ae= — BT - 


p 
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( - ) By, — Be 
vs» c. : 


2] 
Ae Be (35), 1 cane 


( ot ), (B, By) ( 2) 


Reducing this equation in the same way as before, we find 


whence 


oE o°E 
dy | 970% 
Ae 3°E 3°E ( 3°E ) . (49) 
02" dn° 070 


The remaining coefficient, C,, must be found through one of 
the relations (21) to (26). But since all these relations exhibit 
only f,z’, and @, and none of them the pair of variables 7, we must 
select from the set a relation that contains C, and a derivative 
that is related to one in 7,7 through a ‘thermodynamic relation.’ 
The only such thermodynamic relation is the second, 


0p on , 


sad 36 


and the only relation that contains both C, and 3/8 is (26), 


. op . 
(26) Cc. Ao( eo). t C, 
7] . 
Aa ( =) +c 
Since, now, 
(<) oy Ov 306 
- dv 36° dy , 
we have 
' (00/82), 
C=C Ae (36 /),’ 


which reduces to 
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dE oE 
. dy Oe" 
p aE dE ( aE )’ ° 
dz" 8’ 07'0n 


(50) 


The free energy. — The coefficient B, is given by the re- 


lation (24), 


(24) B,— Be +C (**) : 
afte 
or, from (5) in 4, 2, A, 
(2) Le 
3 dv OP 36 
. (0f/dz le 
By = By — Co ang,’ 


Reducing, as before, we find 


ar a — (3:99). 





°F 
3,00 


The remaining coefficient, C,, is given by (23), 


(23) C, = Bp (=) : 
p 


or, from (5) in 7,8, A, 


- dv 36 a> 
5? 36 ap a 
, (dp /06), 
“ By (55/80 )e 


which reduces to 
oF oF ( oF )’ 
Re 9 ae" 86" 0700/ 
p sF : 
07" 


(52) 


The heat function. — The coefficient B, is given by the 


relation (21), 
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o( % 
( 2I ) Be A ( 2) 


To pass to the variables £,y» we must note that, in A, 2, 0, 


(5) op dv 06 ; 
- d7 06 Op 
wherefore. 
(06/82). 
Bo Ae 36 dP). ” 


which value is transformed by the fifth thermodynamic rela- 
tion (17), 


oy 06 = =8y 96 
ov Op a Or 


Oy, 
cos = (3), — I - 
(35) (3p) 


(3) 


in which f and » appear in all the indicated derivatives save 
(90/8f).. By (25) and (26) we have 


59 ear oe 


(32) 


eT Cc. 
nN) aan (22) 


Reducing, as before, we find 


(17) 


to 


whence 


86 2G 

oe 2. ae (53) 
ve ve (vey 53 
0p* dn’ 0/0n 


The remaining coefficient, C,, must be found through one 
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of the relations (21) to (26). But since all these relations exhibit 
only f, v, and @, and none of them the pair of variables f,n, we 
must select from the set a relation that contains C, and a de- 
rivative that is related to one in f,y through a ‘thermodynamic 
relation.’ The only such thermodynamic relation is the fourth, 
dx 3 
(16) -_ 7 : 
06 op 
and the only relation that contains both C. and 8z7/3@ is, from 
(23) and (24), 


= { On ; 
c, B.(5o) - c. 
on a 
Be ry} +C.,. 
Since, now, 
‘ LB 
(5) dp 30 dy 
we have 
. . (00 dp), 
C. = C,— Be aga,” 
which reduces to 
3G 3°G 
. on 3p” ; 
“3G 3G be ) (34) 
dp? dn’ ——-\dPdm 


The thermodynamic potential. — The coefficient A. is given 
by the relations (25) and (26) as 


eee ees (s) 


or, from (5) in @, A, 2, 


- a0 ap da 
‘S ap dv 26 ', 
A eu. (027/dp eo 


* (de 06), 
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Reducing, as before, we find 


eH 3H -(x8y 





op* 36° dpod 
0po0 
The remaining coefficient, C., is given by (25), 
‘ . op \ . 
(25) oad A(35) 5 
or, from (5) in f, 8, 7, 
(5) op 06 Oy 
° 00 dy Op 
‘ (02/36). 
c. “"(82/9p) 
which reduces to 
oH YH (28): 
op* 306° 0p006 
C. = 6 r HoH —— (56) 
ee 
The results 


We have now expressed each of our thermal coefficients 
i va. &@ Be |Y 


as a function of each of the fundamental functions E, F, G, H 
and its derivatives. The resulting equations fall naturally into 
three sets, of eight each, in the following order: 


SET I. 


o°F 


v,6 independent, C,.=— 90 56 (38) 


o°F 


Be = — O56 (37) 


0°H 
p.6 p 36? (46) 


C, —— 6 














p.6 independent 


v6 independent, 


7.6 
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0°H 
ccualtl 93730 
oH 
- 0” — 
o*H 
dy" 


oH 
= 
o°E 
370% 


dG 
oH] 
3°G 
07" 


0G 
on 
aG 

0fdy 


SET II. 


oH 
oO" 
oF 

3200 


o°F 

0706 
oF 

on" 


o°H 
00" 
0°H 
dod 


(34) 


(42) 


(41) 


(39) 


(40) 
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p.6 independent, 


v9 independent 


7,6 independent, 


J. E. Trevor 


o°H 
opad 
o°H 
0p” 


Be 6 


o°E 


a» «OE 


0707 


o‘E 


9E 820% 


on «OE 


0’G 


SET III. 


oF 3°F 


© om a. 


06° 


( 


°F 
0706 


) 


(48) 


(43) 


(44) 


(51) 
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oH OH (98) 
: 2 6 
p.6 independent C,=—— 0 » = a = - (56) 
o°H 
3p” 
vH vH (=) 
A 6 op* 00" 0po6 (ss) 
fh, 3°H Pe Pe) 
0po6 
o0E OE 
oy | Oe" 
vy “ 7 ee (5 
' a SE OE .(%8) 3°) 
a0 Oy? \dzdn 
0E ovE 
dn | 320% 
ee ¢ 
- SE oE (Ey (49) 
dz" On” 0207 
aG 3G 
an =O?” 
7 " - a -4 (5 
pa - 5G 9G (78) 54) 
op* dy" 0pdn 
9G OG 
dy | 3fdy : 
-, ) 
Re aG 3°G = (6): (53 
0p* 9" 0/dn 


As has been obvious in the derivation of these equations, 
two of each type fall under the head of each fundamental func- 
tion. Six of the equations, namely numbers (37), (38), (45), (46), 
(52), and (56), have long been known. A curious feature of the 
results is the appearance, in the last set of eight, of the Hessians 
of the fundamental functions. Representing the successive Hes- 
sians by H,, H,,H,, H,, this set may be written in the interesting 
form: 
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C, 0°E /3:” cg  -—- H; 
7 H, 6 §=63°F/3;” 
Ae 0‘E /dxdn B, Hy 
6 H,. 6 OF /d,00 
c 0°G/ap" Be se 
6 Hey 6 oH/ap 
Be a°G /apan = H, 
6 H, 6 0°H /0/06 © 


Dynamic coefficients 


Corresponding to the heat equation 


on on 
& *"¢ 





dn — 6 


“iy 


in its three forms (18), (19), (20), the work equation 


07 On 
Pee =~ Pay Pax, 

assumes the forms 
— pdv =1,dp + K, dy 


= Igdp + J, aé 
J,d6 T Ke dn. 


These equations serve to define the dynamic coefficients I, J, K, 
which correspond in order to the variables, £,@,7. Expressed in 
terms of the derivatives of the fundamental functions, these dy- 
namic coefficients obviously will assume forms wholly analogous 
to those found above for the corresponding thermal coefficients. 
The total result in both cases amounts simply to the ex- 
pression, in terms of the derivatives of the fundamental func. 1 
tions, of all the possible derivatives of the entropy, 


(35). (ap). (a6), Gea). GE, GP), 


and of the volume, 
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On on ov ov dv Ox 
(ws) (S). GS), Ca), (), CR). 
each differentiated with respect to each of the other variables in 
the set £,7,0,n, and the former multiplied in each case by @, the 


latter by —f. To complete the set of all the possible deriva- 
tives of the quantities £,7,0,n, each differentiated with respect to 


- each of the others, there remains only to add the derivatives 


(%). (%), 


or, indeed, their reciprocals. 


Cornell University, August, 1899. 








ON THE THEOREMS OF ROBIN AND OF MOUTIER 


BY PAUL SAUREL 


The total thermodynamic potential ® of a system containing 
n components in 7 phases is given by the equation 


\) + 
o=-S > FM, 


fez fof 
in which M,, denotes the mass of the 7-th component contained 
in the th phase, and F,; is the partial derivative of the potential 
with respect to that mass. If the system is in equilibrium at 
the temperature T and under the pressure II, the volume V and 
the entropy H are given by the equations 


Vv oP N N OF, M., 
Ol at aed *O 
i=t jot 


oP — OF 
= NI oe 
OT = ad a oT My 
t=1 j=t 


and for any virtual change in the masses 


ee F,8M,; = 0. 


f=xz j= 


Accordingly, for any virtual change in the system we have 


a SH, Od, 
at => > an My + wT 2 ar Mut b > FAM, 
t=1 j=t t=1 j=! t=1 ji 


=V6Il — HéT. 


Let us apply this equation to a univariant system. At a 
given temperature and under the corresponding pressure such a 
system admits of a continuous series of states of equilibrium for 








q 
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which the potential has the same value, but for which the vol- 
ume and the entropy are different. Denoting any two of these 
states by the subscripts 1 and 2, we shall have 


©,—, 
s@, = VSI — H,8T, 
8@, — V,811 — HT. 


If V, is greater than V,, and if we consider a virtual change in 
which T remains constant, we shall have 


éD, > 5®@., 


That is to say, if we consider at the temperature T and under 
the pressure II + 8II two states of thesystem which are states of 
equilibrium at the temperature T and under the pressure IT, then 
the state with the greater volume has the greater potential. But 
if a system is not in equilibrium at a given temperature and 
under a given pressure it undergoes a transformation which 
causes the potential to decrease. Accordingly, if we consider at 
the temperature T and under the pressure II + 811 a univariant 
system in a state which is a state of equilibrium for the temper- 
ature T and the pressure II, the system will undergo a change 
which, if it occurred at the temperature T and under the equilib- 
rium pressure Il, would be accompanied by a decrease in volume. 
Similarly, at a pressure slightly less than the equilibrium pres- 
sure, the transformation is such that at the equilibrium pressure 
it would be accompanied by an increase in volume. This is 
Robin’s Theorem." 


Next consider a virtual change in which II remains con- 
stant, and let us suppose that H, is greater than H,. Then, the 
equations under discussion give 


sd > 8. 
That is to say, if we consider under the pressure II and at the 


temperature T + 8T two states of the system which are states 
of equilibrium under the pressure I] and at the temperature T, 


Robin. Bulletin de la Société philomathique, (7) 4, 24 (1879). Duhem. 
Mécanique Chimique, Vol. I., p. 158. 
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then the state with the smaller entropy has the greater poten- 
tial. Accordingly, if we consider under the pressure II and at 
the temperature T + 6T a univariant system in a state which is 
a state of equilibrium for the pressure II and the temperature T, 
the system will undergo a change which; if it occurred under 
the pressure II and at the equilibrium temperature T, would be 
accompanied by an increase in entropy, or, in other words, by 
an absorption of heat. Similarly, at a temperature slightly 
lower than the equilibrium temperature, the transformation is 
such that at the equilibrium temperature it would give out 
heat. This is Moutier’s Theorem.’ 

Let us suppose finally that 61] and éT are equal to the actual 
changes dII and dT of pressure and temperature as we pass 
from one point of the transformation curve to the next. Then 
the two states of equilibrium considered will pass into two ad- 
jacent states of equilibrium for which the potentials will again 
be equal. Accordingly we have 


dd, —d® ; 


from which we obtain 
V,dul—H ¢T = Vall — HT, 

or finally 

aui_—s—sxH.—-H, Q 

aT V.—V,  T(V,—V,)’ 
in which Q represents the heat absorbed by the system in pass- 
ing from the state 1 to the state 2 at the temperature T and 
under the pressure I]. This is the well-known Clapeyron- 
Clausius formula. 


Bordeaux, May 22, 1899. 


*Moutier. Bulletin de la Société philomathique (3) 1, pp. 39 and 96 
(1877). Duhem. Mécanique Chimique, Vol. I., p. 191. 














HYDRATES IN SOLUTION 


BY WILDER D. BANCROFT 


On page 430 of the second edition of Nernst’s ‘ 7heoretische 
Chemie’ is to be found the following passage:' ‘“‘ We have 
hitherto excluded the possibility of the solvent taking part in the 
reaction and we will now determine how such a phenomenon is 
to be treated. The simplest case is that in which there is only 
one kind of molecule A in solution which reacts with the mole- 
cules of the solvent, water, for instance, in which case it forms a 
hydrate ; we are then considering the reaction 


A(H,O),, — A+ #H,0O, 


which has the form of a dissociation equation. Let ¢ be the 
concentration of the hydrated, c, that of the dehydrated molecules 
of the substance, A and c, the concentration of the water, then 
we have the equation 
Ke= ¢,¢,". 

Now it is to be noticed that c, is very: large relatively to cand c,, 
and therefore, especially when the solution is sufficiently dilute, 
the active mass of the solvent will change but slightly if the 
equilibrium is displaced in one direction or the other, i. e. the 
active mass of the solventis practically constant; whence follows 
proportionality betweeen c and c, and in a dilute solution she 
percentage of hydrated substance ts therefore independent of the 
concentration, a consequence of the mass law which has not 
hitherto received due attention.” 

This conclusion is of sufficient importance to call for a care- 
ful examination. The first objection to be made to it is that the 
tacit assumption has been made that no compounds of the form 
A,,H,O can exist. It is a fact that most of the substances with 


' Reprinted without change from-page 219 of the first edition. 
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which we are familiar and which form hydrates do not crystal- 
lize with submultiples of water; but the water in the argument 
was mnerely selected so as to have a concrete case to discuss. If 
we assume the existence of a hydrate of alcohol, for instance, 
containing two or more of water, Nernst’s reasoning shows that 
it would be decomposed by alcohol but not by water. This, 
however, is a hypothetical case which probably does not really 
interest anybody. 

A more important question is whether Nernst’s conclusions 
apply also to hydrated salts. A good many people are fairly 
certain that acetic anhydrid is hydrated when dissolved in 
water ; they feel confident also that metaphosphoric acid takes 
up water when dissolved and they shrewdly suspect that some- 
thing similar takes place with sulfur dioxid and trioxid. In 
view of these facts, they see no reason why sulfates, for instance, 
might not retain the so-called ‘water of constitution’ when in 
solution. Unfortunately, it is not clear from the text what 
Nernst thinks about the case of hydrated salts. He has omitted 
all reference to the possibility of electrolytic dissociation and yet 
a foot-note that he adds makes it improbable that he intends to 
exclude electrolytes. It will, however, be more profitable to 
consider what conclusions are permissible in regard to hydrates 
in solution rather than to speculate as to Nernst’s meaning. 

To simplify matters we will assume the validity of the 
mass law, the gas laws, and Ostwald’s dilution law. We have 
then two reactions taking place simultaneously with changing 
concentration: a possible dehydration and a change in the 
electrolytic dissociation. Let A be the total amount of salt 
present at any moment, x the amount of anhydrous undisso- 
ciated salt, y the amount of dissociated salt, and C the amount 
of water at any given dilution. The amount of hydrated salt 
will therefore be A —«—y and we shall have two equations for 
equilibrium : 

2 
(4) © 





(+) (2) 
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Assuming with Nernst that C/V is a constant for dilute solutions 
we may write 

, A-x-y x 

K, tae V atid gn Vv (3) 


Combining (1) and (3) and writing K, for KK, we have 
A—x-y /(y\* 

K, ———= = (<-) (4) 
from which follows that the percentage hydration decreases with 
decreasing concentration or that hydrated salts are decomposed 
by water. 

The question at once comes up as to the effect of the pres- 
ence of hydrates in solution on the Ostwald dilution law as 
usually expressed. What we determine from the conductivity 


measurements is the percentage dissociation, and the Ostwald 
dilution law is therefore written : 


A—y y+" 

K, y= ( ¥) (5) 
which is not the same as equation (1) or equation (4). It is 
however true, in case these two equations hold, for subtracting 
equation (1) from (4) we have 

KK, A—y y\? 

K—K, V (+) (0) 


which becomes identical with equation (5) provided we write 
KK 
K,= K_K,’ 

We thus see that the existence of dissociating hydrates in solu- 
tion would not suffice to account for the variations from Ostwald’s 
dilution law and conversely that the fact that a binary electrolyte 
follows Ostwald’s dilution law does not prove that the undisso- 
ciated substance is not hydrated in solution. 

In the discussion up to this point it has been assumed that 
there was equilibrium between the anhydrous solute and the dis- 
sociation products. This is not necessarily the case to any 
measurable extent, and the reaction may be considered as repre- 
sented by the equation. 


RX(H,O), > R+ X + HO. 
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In this case, the hydrate will dissociate with increasing dilution 
and there is nothing in the fact of a hydrate being present in so- 
lution to prevent the dilution law from holding. 

The anhydrous compound need not be an electrolyte, but 
may become one when hydrated, as in the case of sulfur trioxid. 
The general equation would then be 


XHOH => X + H,O 





XHOH H+ XHO. 

Here too there will be complete electrolytic dissociation at in- 
finite dilution. Still another possibility is that one of the ions 
may be hydrated. We have a case of this with metaphosphoric 
and orthophosphoric acids 

HPO,H,O => HPO, + H,O 

HPO,H,O => H + PO,H.O. 
This is not an ideal case because metaphosphoric acid is an elec- 
trolyte, because practically no metaphosphoric acid remains in so- 
lution at equilibrium, and because orthophosphoric acid is a dibasic 
acid at great dilutions. If all these points could be eliminated 
we should get equations (1) and (2) over again, and the effect of 
dilution would be the decomposition of the hydrated compound 
though not of the hydrated ion. 

We may therefore draw the following conclusions: 

1. Hydrated electrolytes are decomposed by dilution. 

2. The presence in solution of a hydrated electrolyte will 
not account for variations from Ostwald’s dilution law except in 
so far as it is not permissible to treat the concentration of the 
water as constant. 

3. Treating the concentration of the water as constant the 
ratio of the concentrations of a hydrated and a dehydrated ion 
will remain the same, provided there is no secondary electrolytic 
dissociation. 


Cornell University 




















NEW BOOKS 


A Short Manual of Analytical Chemistry. y_/ohn Muter. Second Ameri- 
can Edition. 16X% 25cm; pp. xtiiand 228. Philadelphia: P. Blakiston, 
Son and Co., 1898. Price: cloth $1.25. — This book was originally written for 
the use of pharmaceutical stulents, and is described by the author as ‘‘a con- 
cise and consequently low-priced manual designed to introduce students to 
the chief developments of analytical chemistry.”’ 

In its scope the work is very different from any other of the same size with 
which the reviewer is familiar. After a short. introduction on ‘the processes 
employed by chemists’ qualitative analysis is taken up, including that of the 
commoner metals, 57 acids and 86 ‘alkaloid and organic bases commonly em- 
ployed in medicine.’ Quantitative analysis comes next, occupying pages 94 to 
166, of which 33 are devoted to volumetric and colorimetric analysis, 20 to 
gravimetric, and six to ultimate organic analysis. Besides this, the book con- 
tains three chapters on special processes for the analysis of (a) water, air, and 
food, (b) drugs, urine, and urinary calculus, and (c) gas, with polengation and 
spectrum analysis, etc., respectively. 

By dint of large pages, thin paper, a concise style of writing, the introduc- 
tion of tables, and the use of numerous varieties of type, the author has found 
it possible to condense all this matter into a book but little over half an inch 
thick. None of the ‘Standard’ methods seem to have been left out, perhaps 
the only exception being the omission of those volumetric processes commonly 
known as ‘extensions’ of the alkalimetric and acidimetric methods. It goes 
without saying that in soeminently ‘ practical’ a recipe book a ‘theoretical ’ part 
would seem strangely out of place, and has very properly been dispensed with. 

Although the work can hardly be recommended to those entering upon the 
study of chemistry, as part of a general education, yet if there be a ‘long-felt 
want’ for a short account of @// the important analytical methods in one com- 
pact volume, Muter’s ‘ Manual’ certainly fills it. W. Lash Miller 


A Short Course in Inorganic Qualitative Analysis. By /. S. C. Wells. First 
Edition. 13Xi1g9cem; pp. viand 294. New York: John Wiley & Sons, 1898. 
Price : cloth $1.50. —‘* The separations are presented in the form of schemes 


accompanied by explanatory notes, and tables of scheme relations. ... Chemi- 
cal equations are freely used to explain the various reactions. ... In the intro- 
duction a short explanation (ten pages) is given of these equations. ... This, 


of course, belongs more properly to general chemistry, but experience has 
proved the average student to be wofully ignorant on this subject, and a brief 
exposition of the subject seemed necessary.’’ 


But although ‘‘the object in making all these tests and separations is to 
make [the student] familiar with certain chemical facts and their application ”’, 
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and although ‘the first and most important point in any analysis is a thorough 
knowledge of the principle involved’’, no attempt is made to banish the stu- 
dent's ‘* woful ignorance” of the simple generalizations that have been made 
concerning the behavior of salt solutions, with which he deals almost exclu- 
sively. The very conception of chemical reactions as in general reversible, to 
say nothing of the few simple causes which for the most part determine their 
direction, are nowhere discussed, — not even where (as in the formation of basic 
salts of Al and Bi, and in the reaction between HCl and Sb,S,) the reversibility 
of the reaction obtrudes itself in the most obvious way on the analyst’s atten- 
tion. 

Although in the present state of elementary instruction in physics, and. 
chemistry, it may not be advisable to introduce the beginner to electro- 
chemical theories, the fundamental principle of reactions in salt solutions are 
too well founded and too easily grasped to be omitted altogether from any 
work that proposes to make the student ‘‘ perfectly familiar with the condi- 
tions necessary for the successful performance of the operations in hand."’ 

W. Lash Miller 


A Laboratory Guide in Qualitative Chemical Analysis. Ay H. 1. Wells. 
First Edition. 15X 23cm, pp. vii and 189. New York: John Wiley and 
Sons, 1898. Price: cloth $7.50. —The difficulties of teaching analytical chem- 
istry in such a way as to prevent thoughtless and mechanical work on the part 
of the student are very well known; and every year sees the publication of at 
least half a dozen new treatises on the subject. The author of the present 
work, however, has adopted such radical methods as justify a much more ex- 
tended notice of his ‘ Laboratory Guide’ than is at all customary. 

‘*The general plan . . . consists in giving directions for analysis without 
mentioning the results, and in requiring the student to determine for himself 
the result of the operations... . The student almost invariably performs his 
preliminary experiments with great care. ... This is especially the case if the 
student understands that in the analysis of unknown mixtures, he will not be 
allowed to use any table or any abbreviated schemes of analysis. The notebook 

. should never be used in place of memory. At the outset, it should be 
understood that the student is required to remember the fact encountered.”’ 

The author’s method of carrying out this ‘general plan’ may be gained 
from the following abridgment of a part of ‘‘ Chapter J1, Group A (| Fresenius’ s 
Group V, Div.I.), Radicals whose chlorids are insoluble or nearly insoluble 
in acidified solutions *’ (directions as to methods of manipulations, etc., have 
been omitted ). 

‘*t, Find by experiment which of the 27 solutions (of salts provided by the 
laboratory ) give precipitates when a few drops of hydrochloric acid, HCl, are 
added to 1 or 2 cc in a test-tube. Write the equations of the reactions and re- 
member the fact observed in this experiment as well as in those which follow. 
Why are no precipitates produced in the solutions containing chlorides ? 

‘*2. Take ... about 5 cc of each solution in which hydrochloric acid pro- 
duces a precipitate, dilute it to ten volumes with distilled water ... and add 
hydrochloric acid to a small portion as before. ... Dilute some of the last 
solution ten times the same way. Calculating from the original strength of the 
solution, how much solid salt is present? Then go on, testing and diluting in 
the same manner, until the reaction disappears. From this experiment decide 

. whether or not the precipitation by hydrochloric acid is practically com- 
plete. 
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‘*3. To learn the process of analysis, take separately in small beakers 5 or 
10 cc of the three solutions which give precipitates with hydrochloric acid, and 
in another beaker make a mixture of about the same quantities of these solu- 
tions. ... Toeach solution ... add hydrochloric acid ... until no further 
precipitate is evident. . . . Filter into clean beakers, and add a little hydrochloric 
acid to the filtrate to make sure that enough has been used. The filtrate may 
be thrown away.... 

‘* Treat the chlorid in the four filters with boiling water, and in each case 
catch the liquid which runs through, in a test-tube. To the liquid from the 
mixed chlorid, add a considerable quantity of dilute sulfuric acid, H,SO,. Find 
which of the metals has given the reaction by adding sulfuric acid in the same 
way to the liquids from the separated chlorid. Add sulfuric acid to a portion of 
the original solution of the nitrate of this metal, allow some of the precipitate 
to settle, pour off the liquid, and see if the precipitate dissolves in hot water 
like the chlorid. 

‘*Continue the application of hot water ... until sulfuric acid fails to give 
any precipitate in the washings, then upon all the filters pour ammonium hy- 
droxide, NH,OH. ... Notice any change of color taking place, and from the 
single chlorid decide which metal it is which gives the reaction. 

‘* Acidify the ammoniacal solution in the test-tubes with nitric acid, and de- 
cide which metal it is which gives the reaction. By experiment find if nitric 
acid gives a precipitate in solution of the nitrate of this metal. Can the pre- 
cipitate be the nitrate of the metal? Analyze unknown solutions of this group. 
At least three correct analyses should be made.”’ 

‘* Part I1., Theory’’ pp. 71-87 also differ markedly from the usual per- 
functory paragraphs on the atomic theory, and on ‘‘ writing equations '’ — con- 
taining asit does short chapters on ‘ chemical radical and formula’, ‘ionization 
and ions’, ‘ precipitation’, etc.; and indicating the consequences of the identity 
of solutions of ‘ reciprocal pairs of salts’, the theory of the use of sodium acetate 
as a reagent, the simplification in inorganic analysis produced by the ‘ circum- 
stance that ionization takes place,’’ etc., ete. Of necessity the space devoted to 
theory is limited, but there is at least an attempt to introduce modern concep- 
tions into the analytical laboratory. 

In ‘* Part III., Descriptive Part,’’ the various ‘‘ inorganic radicals’’ are ar- 
ranged in alphabetical order, and a word or two said about each. The reviewer 
hopes that in a subsequent edition, this part of the work will be considerably 
extended. As a whole page is devoted to each ‘‘ radical’’ the change need in- 
volve no increase in the size of the book. On ‘‘lead,’’ for example, there is a 
paragraph or two on the chlorid, sulfate, sulfid, and nitrate, but nothing at all 
is said about the chromate, basic chromate, or iodid, although these are among 
the most characteristic compounds of the metal and are consequently almost 
invariably employed as ‘‘ confirmatory tests ’’. W. Lash Miller 











REVIEWS 


The object of this department of the Journal is to issue, as promptly as possible, 
critical digests of all Journal articles that bear upon any phase of Physical Chemistry 


General 


A physical principle of development. O. Wiedeburg. Wied. Ann. 63, 
154 (1898). — No theory can give a full account of solids if it ignores hysteresis 
phenomena, and it is probable that something of the same sort may be true with 
regard to liquids and gases, though this cannot be affirmed positively. The 
author reiterates the importance of the views expounded in his first paper on ir- 
reversible processes (1, 693). W. D. B. 


On irreversible processes, II, III. O. Wiedeburg. Wied. Ann. 62, 652 
1897); 64, 579 (1898). — The first paper of this series has already been reviewed 
(1, 693). The second paper deals with the laws of the resistance values ; the 
third paper with the position of heat with respect to the other forms of energy. 


W. D. B. 
The absolute temperature. A. Schreber. Wied. Ann. 64, 138; 65, 648 
7898). — The author adopts Lord Kelvin’s original definition. The difference 


of the temperatures of two substances, between which a reversible cycle takes 
place such that the heat energy Q, is taken from the hotter substance and the 
heat energy Q, is given off to the colder substance, is given by the equation 


Q: 


I 
t,—4, _ . log QO. 


log? 
This the author calls the absolute temperature scale because it is independent of 
any actual substance. One degree on this scale corresponds roughly to 221.8° 
on the hydrogen scale, so that it would be necessary to select some smaller unit 
than the absolute unit. The author then discusses this scale at length. 


F W.D. B. 
Remarks on the absolute temperature. /. Auerbach. Wied. Ann. 64,754 
7898). — The objection is made to Schreber’s absolute temperature scale (pre- 


ceding review) that it has no zero point. Instead of this geometrical absolute 
temperature scale, the author prefers an arithmetical absolute temperature scale 
which starts from —273°. W. D. R. 


The question of the absolute temperature. O. Hiedeburg. Wied. Ann. 
65, 927 (898). — The point is taken that what temperature scale is defined as 
the ‘absolute’ scale depends on the definition of ‘quality of heat’. 


W. D. B. 
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On the measurement of flame temperature by a thermocouple. /. Perken- 
bush. Wied. Ann. 67, 649 (1899).—The work is undertaken to test the 
methods of Nernst for measuring flame temperatures. Two such methods have 
been given, the first depends on extensive extrapolation from considerations of 
the rate of heating and cooling the couple at different temperatures and does 
not give good results. The second method consists in electrically heating the 
thermocouple in the flame itself. A study of the loss of heat from the couple 
electrically heated without the flame gives the necessary data for arriving at 
considerations of the heat loss from the couple, and hence getting at the true 
temperature of the flame. The most interesting and valuable part of the paper 
is the author’s work on the rate of loss of heat in different vacuo. From ther- 
mochemical data the temperature of the Bunsen flame should be according to 
the author 1820°. From his calculations with the thermocouple he makes the 


maximum temperature 1830°. Previous results differ somewhat, the closest to 

the author’s being that of Waggener, 1785°. MW. 7. &. 
On energetics. 7. Gruner. Zeit. phys. Chem. 23, 636 (1897).—An 

attempt to show mechanics may be based on energetics. W. Dz. B. 


Graphics of the thermodynamic function. IH’. fox. Jour. Franklin Inst., 
145, 2/4 (S98). — An article showing that ‘‘ graphics can be applied even to the 
mystical function % and to all theorems depending on it." W.D. B. 


One-Component Systems 


On the separation of helium from a natural compound with marked evolution 
of heat and light. /. Zhompson. Zeit. phys. Chem. 25, 112 (1898). — Twenty 
years ago the author noticed that when a form of yttrocerite from Sorgtut was 
heated in a platinum vessel the powder suddenly became incandescent ; but 
that this phenomenon could not be made to occur a second time. The cause of 
this could not be ascertained at that time; but it has now been found that the 
intense heat was due to the evolution of helium. W. D. B. 


The homogeneity of helium. I’. Ramsay and M. W. Travers. Zeit. 
phys. Chem. 28, 135 (1898). — It was found by Ramsay and Collie (1, 310) and 
by Hagenbach (1, 381) that helium could apparently be separated by diffusion 
into a heavier and a lighter gas. This point has been taken up again and the 
authors have made an enormous number of diffusion experiments, the final re- 
sult of which is that the whole trouble was caused by the presence of one per- 
cent or less of argon. Reasons are given for supposing that another element 
(next review) will be discovered. W.D. B. 


On a new constituent of atmospheric air. Il’. Ramsayand M. W. Travers. 
Zeit. phys. Chem. 26, 362 (1898).— In the residue left after a partial fractional 
distillation of liquid air, the authors have found a new gas showing a spectrum 
line very close to D and a green line 5568.8 fully as bright as the green line of 
helium. The new gas is monatomic ; the present density is 22.51, oxygen be- 
ing sixteen. It is believed, however, that the new element, to which the name 
krypton, Kr, is given, may prove to have a density of 40 and an atomic weight 
of 8o. W. D. B. 
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The permanent modifications of glass and the displacement of the zero in 
thermometers. 1. Marchis. Mém. Soc. Sci. Bordeaux (5) 4, 1; Jour. de 
Phys. (3) 7,573 (1898); Zeit. phys. Chem. 29, 1 (1899).— Reviewed (3, 109) 
from the author’s thesis. The first paper is the thesis in full; the second is a 
brief restatement of the first four chapters; the third is a condensed form of 
the thesis. 


Extension of the law of Boyle, van der Waals, Gay Lussac to homogenous 
liquids. The kinetics of liquids. Extension of the law of Avogadro to homo- 
geneous liquids. /. 7raube. Wied. Ann. 61, 380, 391, 396 (1897). —See the 
paper by Nasini (2, 59). 


On the behavior of iron with reference to the law of Wiedemann and Franz. 
F. A. Schulze. Wied. Ann. 63, 23 (7897).— Wiedemann and Franz found that 
the ratio of the heat conductivity to the electrical conductivity had nearly the 
same value for all metals. This is distinctly not the case with different samples 
of iron and steel. W. D. B. 


On the latent heat of vaporization. /. 4. Groshans. Wied. Ann. 64, 778 
(7898). — It is pointed out that if we assume Trouton’s law and that the gas law 
holds for saturated vapors, it follows that one small calorie will vaporize equal 
volumes of vapor from any liquid at 76 cm and the boiling-point, this volume 
being 3.87 cc. There is also a discussion of the two classes into which Trouton’s 
law divides all liquids, that for which the constant is 21.139 and that for which 
it is 25.89 and the bearing of these two constants on the law of corresponding 
temperatures. W.D. B. 


On expansion, also with reference to the latent heat of vaporization. /. ./. 
Groshans. Wied. Ann. 64, 789 (7898). — The author expresses the ratio of the 
volumes of saturated vapor and of liquid in terms of his ‘ variable constant +, 
(1, 741). W.D. B. 


Contributions to the kinetic theory of polyatomic gases. H/. Sfaigmiiller. 
Wied. Ann, 65, 655 (1898). — The diatomic gases are divided into two classes 
in one of which the distance between the two atoms remains constant, while in 
the other, it is subject to periodical changes. Grant this and all goes well. 

W.D. B. 


Attempt at a theoretical deduction of the constants of the law of Dulong 
and Petit. 7. Staigmiller. Wied. Ann. 65, 670 ( 7898). — The deduction rests 
on the postulate that in gases the temperature is a function of the kinetic energy 
of the forward movement of the molecules, while in solids it is a function of the 
kinetic energy of an atom vibrating about a definite point of equilibrium. 

W. D. B. 


Significance of the constant HVT. £. Boggio-Lera. Nuovo Cimento. 
(4) 5, 293 (1897). — In the expression HV/T, H is the pressure in dynes per 
square centimeter of one gram of hydrogen, V the volume in cubic centimeters, 
and T the absolute temperature. The author claims that this expression is the 
mechanical equivalent of one calorie. W.D. B. 
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On the note of Boggio-Lera as to the significance of the constant HV/T. C. 
del Lungo. Nuovo Cimento, (4) 6,55, 273 (1897). — Two criticisms of Boggio- 
Lera’s hypothesis ( preceding review). W.D. B. 


On the constant HV/T. P. Joubin. Nuovo Cimento, (4) 6, 53 (7897).— 
A criticism of Boggio—Lera’s hypothesis (two reviews back ). W.D. B. 


Reply to the criticisms of my note on the constant HV/T. £. Poggio-Lera. 
Nuovo Cimento, (4) 6, 270, 331 (1897). —Two rejoinders to the criticisms of 
his hypothesis ( preceding two reviews ). W. D. B. 


The law of corresponding states and the characteristic equation of liquids. 
C. Raveau. Jour. de Phys. (3) 6, 432 (1897).— The author has made use of a 
modification of Amagat’s method (1, 66), and uses logarithmic coordinates in 
plotting his curves. W. Dz. B. 


Theory of liquids with simple molecules. /. Bakker. Jour. de Phys. (3) 
6, 577 (7897). — Reviewed (1, 377) from the more extended article, Zeit. phys. 
Chem. 21, 497 (1896). 


Densities, molecular volumes, compressibility and dilatation of gases at dif- 
ferent temperatures and ordinary pressures. A. Leduc. Jour. de Phys. (3) 7, 
5, 189 (1898). — Reviewed (1, 510; 3, 114, 115) from the brief notes, Comptes 
rendus 124, 285 ; 125, 297, 397, 571, 703, 768 (1897). 


Relation among the characteristic laws of perfect gases. G. Bakker. Jour. 
de Phys. (3) 7,152 (1898). — See 1, 198, 688. 


On the thermal properties of saturated fluids. F. Matthias. Jour. de 
Phys. (3) 7s 397 (1898). — The author discusses the adiabatic expansion of sat- 
urated vapors, the specific heat at constant volume of saturated vapors, and 
other similar matters. W. D. B. 


Experiments on the influence of pressure on the melting-point. A. Demer- 
liac. Jour. de Phys. (3) 7,591 (1898).— Substantially a repetition of a former 
paper (1, 505). 


The specific heat of anhydrous liquid ammonia. Z. A. E/leau and W. D. 
Ennis. Jour. Franklin Inst. 145, 189, 280 (1898).— The specific heat of 
liquid ammonia was found to be 1.02 at 0°. W. Dz. B. 


On the melting-points of organic substances. 4. ?. N. Franchimont. Rec. 
Trav. Pays-Bas, 16, 126 (1897).— Reviewed (1, 682) From Kon. Akad. 
Wetensch, Verslag. Amsterdam, 1896, 156. 


Two-Component Systems 


On heats of solution and dilution. £. v. Stackelberg. Zeit. phys. Chem. 
26, 533 (7898). — The author has determined the thermochemical heats of solu- 
tion and the heats of dilution for the nitrate, chlorate, bromate, iodate, per- 
chlorate, bichromate, and chlorid of potassium; for sodium chlorid, sodium 
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nitrate, ammonium chlorid, barium nitrate, and cane sugar. The curves for 
the change of the heat effects with the concentration vary very much with the 
temperature, even intersecting in some cases. There are appended discussions 
of the temperature coefficients; of the relation between heat of dilution and in- 
ternal pressure ; of the relation between heat of solution, and solubility. It is 
also pointed out that from the course of the vapor-pressure curves, so far as 
known, the solubility curve for sodium sulfate with ten of water would probably, 
if it could be realized, cut the solubility curve for sodium sulfate with seven of 
water at some temperature below zero, in which case it would follow that the 
heat of hydration from Na,SO,7H,O to Na,SO,10H,O would take place without 
heat effect at some temperature. W.D.B. 


Perborates and their constitution. S. Zanatar. Zeit. phys. Chem. 26, 132 
(7898). — Sodium perborate can be made by electrolyzing a concentrated solu- 
tion of sodium orthoborate or by oxidizing the same solution with hydrogen 
peroxid. Ammonium perborate can be made in the same way, but must be 
precipitated with alcohol. The heats of solution and of decomposition were de- 
termined. W. D. B. 


The reliability of the dissociation-values determined by electrical conductivity 
measurements. 4. 4. Noves. /Juur. Am. Chem. Soc. 20, 517; 26, 699 (7898). 
— The author considers van Laar’s correction of the heat of solution formula 
(3, 66) erroneous, because his two equations lead to different results for com- 
plete dissociation, and because there is no term for the change of dissociation 
with the temperature. It is further claimed that the thermodynamical heat of 
solution is ‘* the heat which is absorbed by the dissolving of one molecule of the 
substance in a solution of wxchangeable concentration; namely, that corre- 
sponding to the equilibrium ’’, whereas van Laar assumes differential changes 
of concentration. The author then gives a deduction of van ’t Hoff’s formula 
and discusses some of the other points raised by van Laar. W.D. B. 


Reply to the objections of A. A. Noyes to my solubility formula. /. /. van 
Laar. Zeit. phys. Chem. 27, 337, (7898). — It is claimed that all the points 
raised by Noyes (preceding review) are wrong; that Noyes’s deduction of the 
van’t Hoff formula is wrong and that Noyes’s own line of reasoning really leads 
to the van Laar formula. W. D. B. 


The thermodynamical expressions for the heats of solution and of dissocia- 
tion for electrolytes. 4. A. Noyes. Zeit. phys. Chem. 28, 431 (1898). — A par- 
ticularized disclaimer of the points made by van Laar (preceding review), 
together with the statement that van Laar has used the ‘ theoretical ’ heat of so- 
lution instead of the ‘ integral ’ heat of solution. W.D. B. 


The heat of solution. Last word in reply to Mr. Noyes. /. /. van Laar. 
Zeit. phys. Chem. 20, 159 (1899). — In this article we really get somewhere. 
Van Laar admits that he uses the ‘theoretical’ heat of solution in his calcula- 
tions, as claimed by Noyes (preceding review); but exults in the fact that that 
is what he should use and says that the whole trouble has come from the use of 
the wrong heat of dilution by Noyes. The counter-rejoinder has not yet had 
time to appear, but may reasonably be expected. 


























Reviews 563 
This series of articles is an admirable instance of how not to do things. 
There will always be irreconcilable differences of opinion, and it is desirable to 
hear both sides ; but that is no reason why the whole debate should be pub- 
lished. In the present instance, it would have been much better if Messrs. 
Noyes and van Laar had corresponded privately until they had agreed as to the 
points on which they differed, and had each published a brief for his side which 
had been submitted to and approved by the other man, It is of some import- 
ance whether van Laar or Noyes be right. It is of absolutely no importance 
whether Noyes misunderstood van Laar in certain points or van Laar misunder- 
stood Noyes. Special stress has been laid on this matter because there seems to 
be a general opinion that a public polemic is desirable. In two instances in 
which the reviewer has taken occasion to write privately, calling attention to 
what seemed to him an inaccuracy, he has received the answer: ‘‘If you will 
publish your comments, I shall be happy to discuss them in the scientific jour- 
nals."’ Few things could be more unfortunate than this state of mind. 
W. Dd. B. 


Researches on the compressibility of solutions. //. Gi/baull. Zeit. phys. 
Chem, 24, 385 (7898). — Reviewed (1, 602) from Ann. Fac. Sci. Toulouse, 11, 
131 (1897). 


Mr. Abegg’s criticism of freezing-point determinations. C. Dicterici. Wied. 
Ann. 64, Sog (1898). — The point is made that the author’s conclusions (2, 262) 
referred expressly to concentrations between normal and _ tenth-normal ; 
Abegg’s assumption (2, 399) of an extrapolation to very dilute solutions is un- 


justified. W.D. B. 


On the melting-point of the alloy of aluminum and antimony corresponding 
to the formula AlSb. £. van Aubel. Jour. de Phys. (3) 7, 223 (1898). — The 
compound AlSb melts at 1070°-1080°. W.D. B. 


On the constitution of eutectic alloys. /. Charpy. jour. de Phys. (3) 7, 
745 (1898). — Reviewed (2, 401) from Séances. Soc. Phys. Paris, 1897, 87. 


Poly-Component Systems 


Absorption of liquids by textile stuffs. 4. Vignon. Bull. Soc. Chim. 
aris, (3) 19, 979 (7898) — Reviewed (3, 415) from Comptes rendus, 127, 73 
(1895). 


On the limits of inflammability of gaseous mixtures. //. Le Chatelier and 
O. Boudouard. Bull. Soc. Chim. (3) 19, 483 (7898). — Reviewed (3, 427) from 
Comptes rendus, 126, 1344, 1510 (1898). 


Molecular weights in solutions of permanganates, perchlorates, and per- 
iodates. /. M/. Crofts. Jour. Chem. Soc. 73, 593 (1898).— The author used 
hydrated sodium sulfate as solvent and obtained values pointing to the formulas 
KM,.O,, KC1O, and KIO,. This confirms the results obtained by others. 

W.D. B. 
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Complete calorimetric study of a salt. FE. Monnet. Mém. Soc. Sci. 
Bordeaux, 3, 41 (1898).— This is indeed a complete calorimetric study of 
sodium acetate and water ; the paper may be taken as a model. W.D. B. 


On the dissociation of selenium hydrid. //. Pélabon. Mém. Soc. Sci. Bor- 
deaux, 3, 147 (1898). — The author’s thesis; reviewed (3, 178) from Zeit. phys. 
Chem. 26, 659 ‘ 1898). 


On the solubility of mix-crystals and the size of the crystal molecule. A. 
Fock. Zeit. Krystallographie, 28, 337 (1897) — A study of the solubility of fif- 
teen pairs of salt with which solid solutions are impossible. The distribution 
law did not apply as the author thought it should, and modifications were sug- 
gested which were afterwards dropped. [See next review]. W.D. B. 


On dissociation in mixed salt solutions. 4. Fock. Zeit. phys. Chem. 25, 
74 (1898). — In a previous paper ( preceding review) it had been found that the 
distribution law did not apply to the form ¢(1 — Y)/2°, where c is the concentra- 
tion and y the degree of dissociation in the liquid phase, and a the concentra- 
tion in the solid phase. On the other, it was found that c(1 — y)/a + CY*/x 
const. The object of this paper is to show that if there is an error in the deter- 
mination of y the formulas c(1 — y)/2 = const., and cy?/2 — const. might ap- 
pear to be wrong and yet the sum of the left-hand terms might yet be constant 
owing to the errors cancelling. The results of the first paper, therefore, do not 
contradict the distribution law and the author’s conclusion holds that in the 
crystals the molecular weight equals the formula weight. W. D. B. 


Equilibria in three-component systems in which two liquid phases can 
occur. III. F. A. H. Schreinemakers. Zeit. phys. Chem. 25, 305 (1898) ; 
Arch. Néerl. (2) 2, 144 (1899). — The discussion is extended to cover the cases 
in which two of the components may be present simultaneously. After a gen- 
eral treatment of the equilibrium phenomena, the author considers the change 
of temperature necessary to keep solid A in equilibrium with two liquid phases 
at constant pressure when a third component C is added. He distinguishes the 
two cases in which C is more or is less soluble in the liquid phase in which A is 
present in excess. He then points out that the temperature will fall in the first 
case and rise in the second. [This is not necessarily true, unless the ratios of 
A to B in the two phases diverge on the addition of C. For instance, adding 
acetic acid to a mixture of benzene and water lowers the temperature at which 
solid benzene appears in spite of the fact that more acetic acid goes into the 
water than into the benzene.] Instances are given to support this view together 
with a thermodynamical proof of the theorem. W.D. B. 


Generalization of the considerations in the preceding paper on the influence 
of foreign substances on the inversion temperature. /7. A. Lorentz. Zeit. 
phys. Chem. 25, 332 (1898) ; Arch. Néerl, (2) 2, 174 (1899) — For the displace- 
ment of the inversion temperature for a solid, and two liquid phases at constant 
pressure on the addition of a third component C, the author deduces the formula 
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in which @ is the change of temperature, To the inversion temperature when no 
C is present, W the heat of solution, &, the molecular weight of C (assumed to 
be the same in the two phases), R, the gas constant for C, ¢c and c’ the concen- 
trations in the liquid phases. This formula is practically identical with one 
given by Schreinemakers ( preceding review). W. D. B. 


Equilibria in the system: water, ether, and ethylene cyanid. /. 4. /H/. 
Schreinemakers. Zeit. phys. Chem. 25, 543 (1898).— The data for the two- 
component systems, water and ethylene cyanid, water and ether, have already 
been determined (2, 264, 265). In the system, ether and ethylene cyanid, there 
is a quadruple point at about 33° with two liquid phases and vapor in equilibrium 
with solid ethylene cyanid. The temperature of this point may be higher 
because traces of moisture lower it very much. In the three-component system 
there is a quintuple point at — 45° with ice and solid ethylene cyanid in 
equilibrium with two liquid phases and vapor. Between + 1° and -- 2°, there is 
another quintuple point with solid ethylene cyanid in equilibrium with three 
liquid phases and vapor. Some of the boundary curves have been followed a 
short way and an exhaustive discussion of the system is given. W. D. B. 


Equilibria in the system : water, benzoic acid and ethylene cyanid. /. .4. 
H. Schreinemakers. Zeit. phys. Chem. 26, 237 (1898).—This system was 
selected as being a case in which two liquid phases occur with two pairs of com- 
ponents, but not with the other pair. At 11.5° there is a quintuple point with 
benzoic acid and ethylene cyanid in equilibrium with two liquid phases and 
vapor. The two liquid phases become identical at 51°, the phases then being 
benzoic acid, solution and vapor. Starting from the system, benzoic acid and 
water, and adding ethylene cyanid, we find that benzoic acid can exist in 
equilibrium with two solutions and vapor from 95° down to 87°, at which latter 
temperature the two liquid phases become identical. A discussion of the iso- 
therms completes the paper. W.D. B. 


Equilibria in the system: water, alcohol and ethylene cyanid. /. 4. H/. 
Schreinemakers. Zeit. phys. Chem. 27,95 (7898).— This system differs from 
the one with water, benzoic acid and ethylene cyanid as components in that 
there is no consolute temperature when a solid phase is present. The boundary 
curves for solid, two solutions and vapor obtained by adding alcohol to water 
and ethylene cyanid, meet the corresponding curves obtained by adding water to 
alcohol and ethylene cyanid. Many points on the boundary curves and on the 
isotherms have been determined. W. Dz. B. 


Aqueous solutions of two salts with a common ion. II. ©. Hoitsema. 
Zeit. phys. Chem, 28, 312 (1898). — The author has determined the solubility at 
20.1° of mixtures of sodium salicylate and salicylic acid, and of potassium hip- 
purate and hippuric acid. In both cases a double salt is formed ; in both cases 
adding the salt causes the solubility of the acid to decrease, pass through a mini- 
mum and then increase ; and in both cases addition of the acid causes little or 
no change in the solubility of the salt. The form of the isotherm in each case 
is that predicted by the author in his first paper (2, 402). W. D. B. 
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On the conductivity method of studying moderately dilute aqueous solutions 
of double salts. /. G. MacGregorand E. H. Dalhousie. Phil. Mag. [5] 46, 
509 (7899). — The following conclusions are drawn : 

1. In all cases investigated so far, the conductivity of solutions containing 
two electrolytes with a common ion is calculable by means of the dissociation 
theory up to a concentration of about one gram equivalent per liter. 

2. The conductivity of solutions of the double sulfate of copper and potas- 
sium is similarly calculable only up to a concentration of about 0.1, and has at 
concentration 1 a considerably smaller value than that calculated on the assump- 
tion that no double molecules are present. 

3. The solutions of double salt have at concentration unity an appreciably 
smaller conductivity than the equivalent mixtures. 

4. The conductivities of mixtures of equimolecular simple solutions of zinc 
and copper sulfates and of potassium and sodium sulfates are calculable within 
the limits of observational error up to a concentration unity; and therefore the 
non-calculability in the case of the double salt solutions is probably not due to 
defective data. 

5. The differences between the observed and calculated values of the con- 
ductivity of the double salt solutions and of the equivalent mixtures, and be- 
tween the observed values in these two sets of solutions, are such as could be 
accounted for by the presence of double molecules in both, and their presence 
in slightly greater numbers in the double salt solutions than in the equivalent 
mixtures. W. D. B. 


On the mixed halid salts of lead. I’. Zhomas. Bull. Soc. Chim. Paris, 
(3) 19, 598 (7898). — Reviewed (3, 420) from Comptes rendus, 126, 1349 (1898). 
W. Dz. B. 


Equilibrium in systems of three components where two liquid phases may 
appear. I., II. /. A. H. Schreinemakers. Arch. Néerl. (2) 1, 411 ; 2, 27 (1898). 
— Reviewed (1, 597 ; 2, 62, 264) from Zeit. phys. Chem. 22, 93, 515; 23, 417, 
649 (1898). 


Fergusonite, an endothermal mineral. H1’. Ramsay and M. W. Travers. 
Zeit. phys. Chem. 25, 568 (7898). — Fergusonite is a black, brilliant, homoge- 
neous mineral, like obsidian in appearance, but very much denser. It consists 
chiefly of the oxids of niobium, tantalum, yttrium, erbium, and cerium. When 
heated to about 500° it gives off helium with marked evolution of heat and be- 
comes less dense. The heat evolved was measured and found to be 8.0gK per 
gram of mineral. W.D. B. 


Osmotic pressure and cryoscopy. 4. Reychler. Bull. Soc. Chim. (3) 19, 
102 (1898). — A reply to the theoretical considerations of Crompton (2, 140). 
W.D. B. 
Velocities 
On the determination of diffusion coefficients by the electrolytic method of H. 
F. Weber. W’. Seitz. Wied. Ann. 64, 759 (7598).— The author found many 
difficulties in applying Weber’s method, chief among these being the impossi 
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bility of keeping the two electrodes identical electrically. There was always a 
difference, due either to irregularities or to occlusion. To get round this, he 
subtracted a constant value from all the readings in any one series. This cor- 
rection was calculated by means of an imposing formula; but the value taken 
was really the one which would make the diffusion coefficient most nearly con- 
stant. Experiments were made with zine sulfate, acetate and formate ; with 
cadmium sulfate, lead acetate and silver nitrate. In the only case, zinc sulfate, 
where comparisons could be made with data obtained by other methods, the 
author’s values were low; but he attributes this to the fact that he took 
especial precautions to keep the solutions from being jarred. W. Dz. B. 


Rate of escape of ammonia from aqueous solutions. F. 7. Perman. Jour. 
Chem. Soc. 73, §11 (1898). — A large number of experiments have been made on 
the rate at which ammonia escapes from a solution when dry air is bubbled 
through it. It was found that the results could be expressed very satisfactorily 
by the equation log g — a — 6V, where g is the amount of ammonia in solution 
at any time, V is the volume of air passed through, and a and 6 are constants. 
When the air is drawn through at a constant rate, the equation may be written 
log g —a — 6’t, where /is the time. Since a@ is evidently the logarithm of the 
concentration at the beginning of the experiment, we may throw the equation 
into a more familiar form by making a — log A, g = A — 2, and 6 — &, when we 
have 

A 
log —- Al. 
If we assume that the air is saturated, the amount of ammonia carried off in 
each instant will be proportional to the partial pressure of the ammonia vapors 
Perman’s results are exactly what should take place in case ammonia followed 
Henry's law. More accurately worded, ammonia follows Henry’s law within 
the limit of error of Perman’s experiments. WD. B. 


On the velocity of reversible reactions. 7. 7. Muller. Bull. Soc. Chim. 
aris, (3) 19, 337 (7898). — It is stated, but not proved, that the reaction veloc- 
ity equations for reversible reactions of the first and second order may be re- 
placed by equations for irreversible reactions of the same order. (See 3, 41). 
W. D. B. 
Electromotive Forces 


Physical chemical studies on the Weston normal cell. /. Aohnstamm and 
FE. Cohen. Wied. Ann. 64, 344 (1898). — At 15° there is an inversion point at 
which one modification of 3CdSO,.8H,0O is in equilibrium with another modifica- 
tion of the same salt. This was shown by solubility determinations, by experiments 
with an inversion cell and by measurements with the dilatometer. The Weston 
cell should therefore not be used at temperatures below 16° ; on the other hand, 
it can be used at all temperatures above this up to 70° where the next inversion 
point occurs. W. D. B. 


On the behavior of so-called unpolarized electrodes to the alternating cur- 
rent. £. Warburg. Wied. Ann. 67, 493 (1899).— As a preparation for the 
paper by Neumann the author reprints and to a certain extent reconsiders his 
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theory, published in 1896, for the effect of alternating currents on unpolarized 
electrodes. HT. B. 


On the polarization capacity of reversible electrodes. /sa Neumann. 
Wied. Ann. 67, 500 (1899).— The application of experimental data to the veri- 
fication of Warburg’s theory is the gist of the present paper. The author re- 
iterates to a large extent the theory of the method. It can only be ap- 
plied to the case of a mixture of two electrolytes with a common anion, and the 
cases given are those of mercury electrodes in a sulphuric acid solution of mer- 
curic sulphate and silver electrodes in a nitric acid solution of silver nitrate. In 
the former very fair agreement is obtained but in the latter trouble was 
experienced owing to the too rapid change in capacity. The author points out 
the impossibility of applying the theory with the present measuring instru- 
ments, to the case of a single electrolyte. Considerable space is devoted to a 
discussion of the case when the current density may not be neglected in the gen- 
eral expression. An experimental verification with the mercury cell with varying 
current densities agrees very fairly well with what the theory should allow. A 
somewhat long discussion of the methods for estimating polarization capacity 
is included in the paper. In conclusion the author states that the ratification of 
the theory depends : 

1. On the dependence of the capacity on the alternations. 

. On the dependence of the resistance change on the alternations. 

. On the absolute size of the phase displacement. 

. On the dependence of the capacity on the concentration of the metal salt. 
. On the dependence of the capacity on the current density. 

6. On the absolute value of the capacity. MM. 25 2. 


N 
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On photoelectric currents. G.C. Schmidt. Wied. Ann. 67, 563 (7899). — 
A study of the action of light on pure metal surfaces in solutions of a salt 
of the same metal shows that there is no photoelectric reaction. The author 
considers any effect that has already been noted to be due to the action of the 
light in diminishing polarization, or some effect on the gas occluded on the 
metal surface. A study of copper oxid electrodes, however, yields some in- 
teresting results. A study is first made of cuprous and cupric oxid electrodes 
in potassium hydrate solution in order to find out in just what way the E.M.F. 
set up changes with time. First one electrode is illuminated, and then the other 
to study their photoelectric properties. A considerable change takes place be- 
tween the electrodes in solution after first setting up, during which the E.M.F. 
sinks. Light has no action on the cuprous oxid electrode, but on the cupric 
oxid electrode after the E.M.F. has reached its lowest limit it has a positive 
effect. Red light has a positive effect on an electrode of high E.M.F., while 
violet light has a negative effect on the same electrode. In the first case the 
author considers the light causes an increase in the solution tension of the oxy- 
gen, and in the second the light causes a quicker change from the modification 
of high potential to that of lower. Mm. 7. B 

Theory of the Hall effect in a binary electrolyte. /. G. Donnan. Phil. 
Mag. [5] 46, os (7898). — The author deduces the formula 
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Where de/dz is the potential gradient of Hall effect, dx/da the potential 
gradient of the primary current, H the magnetic field-strength, U and V the 
velocities acquired under unit potential gradient by a gram-molecule of positive 
and negative ionic matter respectively. This formula is then applied to some 
data for copper sulfate furnished by Bagard. The calculated value is about 
16 X 10-13, while Bagard claimed to have found 0.39 X 10-5, The author con- 
cludes that ‘‘ Bagard has measured a phenomenon not contemplated in the 
foregoing theory.’ W. D. B. 


On standard high resistances. F-. B. Fawcett. Phil.. Mag. [5] 46, 500 
(7898). — Excellent high resistances are obtained by depositing platinum, gold, 
or a mixture of the two on a glass strip by dispersion from a metallic cathode, 
heating in oil, and making a series of alternating scratches until the resistance 
has been increased to the desired value. W. D. B. 


The Jacques carbon battery. /. W. Langley. Jour. Franklin Inst., 146, 


224 (898).— The result of the experiments is that the action in the cell is 
thermoelectric in nature. This explanation will hardly be accepted by any one 
who has read the paper by Liebenow and Strasser (1, 616). W. D. B. 


Electrolysis and Electrolytic Dissociation 


On the conductivity of electrolytes in organic solvents. 7. Dutoit and L. 
Friderich. Bull. Soc. Chim. Paris, (3) 9 321 (7891).— From conductivity 
measurements with eighteen solvents the authors conclude ‘‘ that the values of 
x for the same electrolyte in different solvents varies directly with the degree 
of polymerization and inversely as the coefficient of viscosity.’’ [For a discus- 
sion of this paper see 3, 12. ] W.D. B. 


Contribution to the study of the electrical conductivity of salt solutions. A’. 
Goldschmidt and A. Reychler. Bull. Soc. Chim. Paris, (3) 19, 675 (1898). — 
In order to use smaller quantities of solution than in the Kohlrausch method, 
the authors have a movable electrode adjustable by a micrometer. They find 
that their results tend to be too high, presumably owing to a change of the lines 
of force. W.D. B. 


On the production of crystallized tungsten by electrolysis. 1. 4. Hall- 
opeau. Bull. Soc. Chim. Paris, (3) 19, 997 (7898). — Reviewed (3, 429) from 
Comptes rendus, 127, 755 (1898). 


Dielectricity and Optics 


On certain emission spectra of cadmium and zinc, and of the halid compounds 
of mercury and certain other metals. 4. C. Jones. Wied. Ann. 62, 30 (1897). 
— Reviewed (1, 628) from the author's inaugural dissertation. 


On a new kind of rays. W.C. Rontgen. Wied. Ann. 64, 7, 12, 18 (1898). 
— Reprinted from the Sitzungsber. Wiirzburger, Physik. Med. Gesellschaft, and 
the Sitzungsber. Akad. Wiss. Berlin. 


On the colored alkaline halids. /. Wiedemann and G. C. Schmidt. Wied. 
Ann, 64, 78 (1898). — The authors sum up their results in the following lines. 
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‘The alkaline halids colored by the cathode rays show an alkaline reaction ; 
their essential physical and chemical properties are ¢dentica/ with those of the 
substances obtained chemically by treating with a metal of the alkalies. From 
the method of preparation these latter contain sudchlorids (or dissolved metal 
according to Elster and Geitel) and we must therefore assume the same for the 
first mentioned substances." W. D. B. 


On the permeability of some liquids for heat rays of great wave-length. //. 
Rubens and E. Aschkinass. Wied. Ann. 64, 602 (1898). -The order of per- 
meability in 5 mm layers is benzene, carbon bisulfid, xylene, phenol, and ethyl 
alcohol, benzene being the most permeable substance that has yet been investi- 
gated. W. D. B. 


On absolute determinations of heat radiation with the electric compensation 
pyrheliometer, with examples of the application of this instrument. Awu/ 
Angstrom, Wied. Ann, 67, 633 (1899).— The author offers the present de- 
scription and application pyrheliometer in consideration of the fact that as yet 
only preliminary notes have been published. The principle of the method is 
very simple and, as the author shows, is capable of considerable accuracy with 
simple electrical measuring instruments. Two blackened platinum surfaces are 
used, one of which is subjected to the influence of the radiating body, and the 
other is screened and heated by an electric current. When the temperature of 
the two strips is the same, determined by a thermocouple attached to the back 
side of the strips, then the electrical energy used in warming the protected strip 
gives a measure of the heat received by the other strip. The strips are made re- 
versible and are also both exposed to the radiating source for adjustment to 
equality. Examples are given showing the method of determining the con- 
stants of the instrument, and an extensive series on the strength of solar radia- 
tion made simultaneously with two instruments, one at Guimar, 360 m above 
sea-level, and one at ‘‘ Alta Vista,’’ 3252 m above the sea. The author proposes 
the use of the Hefner lamp as a standard of radiation. om. 7. B. 


On the charge of electricity carried by the ions produced by Réntgen rays. 
J.J. Thomson. Phil. Mag. [ 5) 46, 528 (7898). — ‘* The theory of the method 
used is as follows: By measuring the current passing through a gas exposed to 
Rontgen rays and acted upon by a known electromotive force, we determine 
the value of the product zezv, where 7 is the number of ions in unit volume of 
the gas, e the charge on an ion, and s the mean velocity of the positive and 
negative ions under the electromotive force to which they are exposed. 

The value for v was taken from Rutherford’s data, while 7 was determined 
by measuring the size of the drops in a cloud caused by an expansion of dust- 
free air or hydrogen while exposed to the ROntgen rays. The value of e¢ in air 
is calculated to be 7.3 X 10-19 electrostatic units ; in hydrogen the uncorrected 
value 1s 6.7 X 1o—'°, A correction for nuclei formed independently of the rays 
would probably make this latter value the same as that in air. These values are 
of the same order as the charge carried by the hydrogen ion in electrolysis. 


W.D. RB. 
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On the law of spectral series. 7. NN. Vhiele. Astrophys. Jour. 6, 65 
(7897). — A discussion of the consequences of the assumption that the law which 
expresses the wave-lengh \ of the lines of a series as a function of the series 
number 7 of the lines must have the form \ —/[/# + c)?], where c is a con- 
stant. W.D.B. 


Investigation of the violet part of some metallic spectra which contain many 
lines. O. Lohse. Astrophys. Jour. 6, 95 (1897).— The metals studied were 
cerium, lanthanum, didymium, thorium, yttrium, zirconium, vanadium, and 
uranium. W.D. B. 


Changes in the wave-frequencies in the lines of emission spectra of elements, 
their dependence upon the elements themselves, and upon the physical condi- 
tions under which they are produced. W./. Humphreys. Astrophys. Jour. 6, 
169 (1897). —A further study (see 1, 332) of the effect of pressure on wave- 
lengths. The following conclusions are formulated : 

1. Increase of pressure causes all isolated lines to shift towards the red end 
of the spectrum. 

2. This shift is directly proportional to the increase of pressure. 

3. It does not depend upon the partial pressure of the gas or vapor produ- 
cing the lines, but upon the total pressure. 

4. The shift of the lines seems to be nearly or quite independent of tem- 
perature. 

5. The lines of bands (at least of certain ‘‘ cyanogen”’ and aluminum oxid 
bands) are not appreciably shifted. 

6. The shifts of similar lines of a given element are proportional to the 
wave-lengths of the lines themselves. 

7. Different series of lines (as described by Kayser and Runge) of a given 
element are shifted to different extents. When reduced to the same wave-length 
these shifts are to each other approximately as I :2: 4, respectively, for princi- 
pal, first and second subordinate series. 

8. Similar lines of an element, though not belonging to a recognized series, 
are shifted equally (when reduced to the same wave-length), but to a different 
extent than are those unlike them. 

g. Shifts of similar lines of different substances are to each other, in most 
cases, inversely as the absolute temperatures of the melting-pointsof the ele- 
ments that produce them. 

10. The shifts of similar lines of different substances are to each other ap- 
proximately as the products of the coefficients of linear expansion and cube roots 
of the atomic volumes of the respective elements (in the solid state) to which 
they are due. 

11. Analogous or similar lines of elements belonging to the same half of a 
Mendelejeff group shift proportionally to the cube roots of their respective 
atomic weights. 


12. The lines of those substances which, in the solid form, have the greatest 











572 Reviews 


coefficients of linear expansion have the greatest shifts. The converse is also 
true. 

13. The shift of similar lines is a periodic function of atomic weight, 
and consequently may be compared with any other property of the elements 
which itself is a periodic function of their atomic weights. W.D. B. 


The new series in the spectrum of hydrogen. /. X. Rydberg. Astrophys. 
Jour. 6, 233 (1897).— Reasons are given for believing that the two series of hy- 
drogen are to be represented by two distinct formulas. W.D. B. 


On triplets with constant differences in the line spectrum of copper. /. 4. 
Rydberg. Astrophys. Jour. 6, 239 (1898). — Two groups of triplets have been 
found. Hitherto triplets have been recognized only in the spectra of biatomic 
elements, and the series of copper was supposed to be made up of doublets. 

W.D. B. 


On the constitution of the red spectrum of argon. /. RX. Rydberg. Astro- 
phys. Jour. 6, 338 (1897 ).—The conclusicn is reached that ‘‘ the red spectrum of 
argon belongs to one single element.”’ W. D. B. 


Crystallography, Capillarity, and Viscosity 


On the spreading out of liquids and phenomena connected with it. /. Sfark. 
Wied. Ann. 65, 287 (1898). — A discussion of surface-tension phenomena with 
special reference to two-component systems. Owing to the change in surface- 
tension due to change of temperature, soot will rise in chloroform exposed to 
direct sunlight, and will sink if the chloroform be shaded. W. D. B. 


On the measurement of coefficients of viscosity. /. A. Guye and L. 
Friderich. Bull. Soc. Chim. (3) 19, 764 (1898).— Measurements show that 
Ostwald’s method of measuring coefficients of viscosity is nearly as accurate 
as that used by Thorpe and Rodger. W.D. B. 


On the theory of capillary electrical phenomena. F£. Warburg. Verh. 
phys. Ges. Berlin, 17, 24 (1898). — A discussion of the difference between the 
theories of Helmholtz and of Warburg. Helmholtz asstimes that the entire polari- 
zation current is used to change the thickness of a double layer, while Warburg 
assumes that only a small portion of the polarization current is utilized in form- 
ing a double layer, the remainder being spent in electrolysis. For the same 
electromotive force between mercury and an electrolyte the two theories call for 
a double layer of the same strength, but of very unequal thicknesses, the thick- 
ness being enormously greater according to the Helmholtz theory than accord- 
ing to the Warburg theory. WD. B. 


On the relations between the surface-tension of some amalgams in electro- 
lytes and the electrocapillary phenomena. G. Meyer. Verh. phys. Ges. Ber- 
lin, 17, 47 (1898). — The capillary constant a of mercury polarized in sulfuric 
acid to a maximum surface-tension is 42.1 mg/mm. The capillary constant for 
tin amalgam, 0.0796 pet Sn, is 37.5 ; for cadmium amalgam, 0.48 pet Cd, is 38.2; 
of zinc amalgam, 0.059 pct Zn, is 36.9. The capillary constant of sodium amal- 
gam in sodium sulfate solution is less than that of mercury in the same solution. 


W.D. B. 


























ON THERMAL AND DYNAMIC COEFFICIENTS 


BY J. E. TREVOR 


On page 523 of the present volume of this Journal, I pre- 
sented a calculation of the forms which the thermal and dynamic 
coefficients of isotropic one-phase systems of constant mass and 
composition assume when they are expressed as functions of the 
partial derivatives of each of the four fundamental thermodynamic 
functions E, F,G,H. It was there noticed that the results, as re- 
gards their form, arrange themselves in a striking manner in 
three groups. The question arises why this is so. 

A closer examination of the matter makes clear that the 
end actually sought was a series of expressions for all the possi- 
ble partial derivatives, 


(sy). (ap), (30), (oe). GP, GP, 


P 
=) ( oe ) ( =) (=) (=) (°°) 

ta), ao/, \30/, \d0/, \dy/, \dy/e’ 

of the entropy and of the volume. (It should not be overlooked 
that the last two derivatives in either row are the reciprocals of 
the last two in the other.) Looking at the matter in this way, 
it becomes obvious that in the most general form of the problem 
we are required to find all the twelve mutual ratios of the dif- 
ferentials of the quantities, 4,7, 0, , which appear in the energy 
equation 

dE — — pdv + Ody. 


When we do so, it will be seen at once that the results fall natur- 
ally into three groups of four each. 
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In the problem as set, the quantities A, 7,0, in the initial 
differential equation are connected by two independent relations, 
say 

St p77, 6) o 

$(7, v7, 0) = 0, 
so that any two are functions of the other two. We are to find 
the twelve mutual ratios of dp, dv, d@, dn, in terms of the de- 
rivatives of the function E. The problem falls naturally into 
two parts, in one of which the extensities 7 and », in the other the 
intensities # and @, are successively maintained constant. In its 
development in general form I am indebted to my colleague, Pro- 
fessor James McMahon, for very helpful suggestions. 

In the first of these parts we set out with 
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In attacking the second part of the problem, we set out 


from 
% 
| dp ae di 
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dy 


dn. 


For constant f (i. e. for df =o) we have, rewriting the first of 
these equations, and eliminating dz (or dy) between both, 
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writing H, for the Hessian of E. 
follow, successively, 
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From this double equation 
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Taking @ constant, we find, in the same way, 
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The equations (1) to(12) furnish the desired expressions of 
all the ratios of the differentials dp, dz, d0, dn. They show it 
to be a necessary consequence of the initial equation and the two 
attendant conditions, that these expressions should fall, as regards 
their form, into the three groups: 


GROUP I. SECOND DERIVATIVES 
Equations (1) (2) (3) (4) 
GROUP II. RATIOS OF SECOND DERIVATIVES 
Equations (5) (6) (7) (10) 
GROUP III. RATIOS OF SECOND DERIVATIVES TO THE HESSIAN 
Equations (8) (9) (11) (12) 

To obtain the corresponding expression of these twelve par- 
tial derivatives, in terms of the second derivatives of each of the 
other fundamental functions F, G, H, we merely require, in each 
case, to treat the corresponding initial differential equation in 


exactly the manner employed above. With the equations (1) 
to (12) before us, the desired results can be found by inspection. 


Cornell University, Seplember, 1899 














THE ELECTROLYTIC REDUCTION OF POTASSIUM 
CHLORATE 


BY ADOLPH L. VOEGE 


With the exception of some papers dealing with organic 
compounds,’ very little has been published on quantitative elec- 
trolytic reduction,? and there is in consequence no satisfactory 
theory of the subject. The object of the work to be described 
in this paper was to gather data which might serve before long 
as a basis for a complete theory of electrolytic reduction. While 
the experiments have not been carried far enough to warrant 
theoretical deductions, a number of interesting facts have been 
observed, all of which will have to be accounted for at some 
future time. It was deemed best to study the reduction of an 
inorganic compound because the theory of electrolytic dissocia- 
tion could be applied to the results. From an experimental 
point of view two things were essential. The compound must be 
one that is not readily reduced, so that there may be a possibility 
of the total yield varying very much with changing conditions, 
and either the original compound or the reduction product must 
be one that can be determined analytically with ease. Both req- 
uisites are satisfied in potassium chlorate, and this salt was 
therefore taken as the substance to be studied. The conditions 
affecting this reduction are but little known. In this research 
the most important points investigated were: the presence of 

'Elbs, Jour. prakt. Chem. (2) 43, 39 (1891); Binz, Zeit. Elektro- 
chemie, §, 5 103 (1898). Cf. also Elbs, Zeit. Elektrochemie, 2, 472 (1896); 4, 
87 (1897); 4. 469 (1898); Elbs and Kopp, Ibid 5, 1o8 (1898); Elbs and 
Schwartz, Ibid 5, 113 (1898); L6b, Ber. chem. Ges. Berlin, 29, 1894 ( 1896 
Zeit. Elektrochemie, 2, 532 (1896); 3, 471 (1897); 4, 428 (1898) ; Rohde, Thbid. 
5, 322 (1899): Haber, Ibid. 4, 506 (1898). 





2 The work of Freer and Higley, Am. Chem. Jour. 21, 377 (1899, ) had not 
been published when this research was begun. 











578 Adolph L. Voege 


acid and alkali; the use of different metals as cathode; the cur- 
rent density; the concentration of the acid; the temperature of 
the electrolyte; the presence in solution of a salt of the electrode 
metal. The first point to be determined was the relative reduc- 
tion in acid and alkaline solutions, all other conditions being 
the same. O6ettel’s method of following a reaction by measuring 
the gas evolved was adopted, though the amount of chlorid in 
the acid solutions was afterwards checked by titration with silver 
nitrate. Two cells, one containing acid and the other alkali, 
were arranged in series with a sulfuric acid voltameter, a copper 
voltameter and an ammeter, this last instrument being placed in 
circuit to facilitate keeping the current constant. A little elec- 
tric motor run by a storage cell was used to keep the solution in 
the copper voltameter well stirred. The current for electrolysis 
was obtained from the dynamo circuit, and regulated in amount 
by tapping from a resistance frame until the desired drop in 
voltage was obtained. The loss of weight at the anode of the 
copper voltameter was always found to be greater than the gain 
in weight at the cathode. The solution was made up according 
to Oettel’s formula and it was found that the discrepancy was 
due to the free acid which dissolved copper from both anode and 
cathode, making the loss of the former too great and the gain of 
the latter too small. This conclusion followed from a run in 
which the electrodes were placed in the electrolyte, and all the 
conditions remained exactly as in the previous runs, except that 
no current passed. It was found that the loss from both elec- 
trodes, after a period of time equal to that of the previous runs, 
very nearly accounted for the discrepancy just mentioned. To 
use this correction would necessitate keeping the strength of the 
acid in the electrolyte and the immersed surface of the electrodes 
always the same. ‘These conditions were difficult to satisfy and 
a constant correction is therefore nearly impossible. It was 
thought more accurate to take the mean value of gain and loss, 
for the loss from the anode is + + a, when + is the loss due to 


electrolysis and a is the loss due to free acid, and the gain at the 
cathode is x -a. If the mean of these values be taken, a is 














Electrolytic Reduction of Potasstum Chlorate 57 
. ? 579 


eliminated and the true value of + is obtained from which the 
current must be computed. This method introduces a chance 
for error if the anode contains impurities, for these may fall from 
the electrode or be dissolved by the acid at a different rate. 
Nevertheless, this method has been followed throughout this re- 
search, and in every run the copper voltameter has been used to 
determine the current flowing. 

The burettes were calibrated with mercury and the correc- 
tion due tothe difference of level between the water inside and 
outside the burette was determined experimentally, using hy- 
drogen. In the first series of experiments, the electrolyte in one 
cell consisted of 120 cc of half-normal potassium hydroxid solu- 
tion and 120 cc of potassium chlorate solution saturated at about 
16°; in the other cell was 120 cc of quarter-normal aqueous sul- 
furic acid and 120 cc of potassium chlorate solution. Amalga- 
mated zine was used as anode and platinum foil as cathode. That 
the gas might be collected, the cathode was placed under an in- 
verted cylindrical glass funnel from which a tube ran to the col- 
lecting burette. The wire leading to the cathode was sealed into 
a glass tube. Distilled water was used in the gas burettes to 
avoid the possibility of the hydrogen reacting with any impurity 
that might be present. 

In this series of experiments the current strength varied 
from 0.04 to 0.67 ampere, the area of the cathode was about 
6 cm’, while the temperature of the inner solution was kept at 
25°. The duration of the runs was generally two hours, and 
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Fig. 1 


every ten minutes readings were taken of the current, the oxy- 
gen and hydrogen evolved in the voltameter, and the hydrogen 
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evolved at the cathode of the acid and the alkaline cells. The 
utilization of hydrogen in the acid and the alkaline cells at dif- 
ferent current densities, is shown in Fig. 1, the ordinates being 
amp/cm? and the abscissas cubic centimeters of hydrogen. The 
circle at the upper end of the alkali curve should be at the 
lower end of the same curve. 

The values of hydrogen utilized are the differences between 
the hydrogen evolved in the sulfuric acid voltameter uncorrected 
and that evolved in the burettes. These curves show that, with 
the current densities employed, at least three times as much re- 
duction occurs in the acid as in the alkaline solutions. Since 
the increase in the hydrogen utilized for a given increase of cur- 
rent density becomes less and less as the current density increases, 
and since the total amount of hydrogen generated increases at 
the same rate as the current density, it follows that the percent- 
age reduction decreases with increasing current density. In 
other words, the efficiency of electrolytic hydrogen is greater 
with a low current density than with a high one. 

The trend of the curve for the acid cell seems to lead to the 
origin, which means that no hydrogen is utilized when no cur- 
rent passes, while the curve for the alkaline cell reaches its zero 
of hydrogen utilization while there is still considerable current 
flowing. This inclines one to the opinion that there is some 
constituent of the cell important as a reducing factor, the elec- 
tromotive force of polarization of which has not been reached under 
the conditions of the run until a current flowed sufficient to cause 
‘current density of 0.0065 amp/cm’. 

The amount of hydrogen that should be evolved during any 
run, as calculated from the average current derived from the cop- 
per voltameter, was found to be always actually less than that 
given off in the oxy-hydrogen voltameter. In the first run, for 
instance, there are 620 cc of hydrogen evolved in the volta- 
meter. Assuming 0.03738 gram of hydrogen generated per am- 
pere hour, in two hours with a current of 0.672 ampere, 0.0502 
gram of hydrogen would be given off. At o° C there are 
0.08987 gram of hydrogen per liter or one gram per 11.127 liters. 
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The increase in the volume of hydrogen per degree centigrade is 
0.00366, and as the temperature of the room during the run was 
about 22°, the increase in volume over that at 0° C is 0.08; 
therefore a gram’s volume at room temperature is 12.02 liters, or 
a liter of hydrogen weighs 0.0831 g. During the run of two 
hours, therefore, ee 

0.0831 
evolved. ‘This discrepancy between 620 and 606 cc is probably 
due to the mechanical transfer in the voltameter of the oxygen 
liberated at the anode by the current to the cathode tube. With 
a strong current this phenomenon can be distinctly observed. 
This is substantiated by the disagreement observed in the hydro- 
gen and oxygen volumes at any instant in the voltameter, for the 
volume of hydrogen is always more than twice that of the oxygen 
generated. This last is not conclusive, however, as ozone is 
formed to some extent at the anode, and being triatomic it re- 
duces the volume of the oxygen of which it is formed by one- 


1000 = 606 ce of hydrogen should be 


third. Peroxide of hydrogen, H,O,, may also be formed, there- 
by taking oxygen in solution, and would also tend to increase 
the variation between the observed values in the manner stated. 
The quantities of hydrogen evolved as observed and those calcu- 
lated from the current strength were plotted, and it was then seen 
that these curves were both straight lines, so that the mechanical 
transfer of oxygen or whatever other action produces the dis- 
agreement is a function of the current, i. e. the voltage alone. 

A quantitative test for the reduction in the foregoing runs 
was made by analyzing all the solutions for chlorid. The 
method first employed was by titration with silver nitrate, and 
amimoniuin sulfocyanate, both #/10 and exactly equivalent, using 
ferric ammonium sulfate as indicator. Several difficulties were 
encountered with this method. The titration must be rapid as 
the indicator fades quickly. It was also noticed that the excess 
of silver nitrate added seemed to change the end-point, though 
this end-point was at no time clearly marked. So titration was 
abandoned and another method resorted to. This was to add a 
quantity of the silver nitrate solution to the solution to be 
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analyzed, to allow the solution to clear and add silver nitrate 
again, continuing this process until one drop of silver nitrate pro- 
duced no cloud in a solution which has cleared completely. This 
method proved much more satisfactory and several portions of 
the same solution analyzed for a check agreed exactly whenever 
tried. The disadvantage of this operation is the time it takes. 
This inconvenience was overcome to a considerable degree by 
heating the solution during the analysis to about 75° C and also 
by shaking the precipitate violently when formed. This last was 
accomplished by employing a machine transforming rotational 
into reciprocating motion. By turning a crank, a bottle contain- 
ing the solution and precipitate, and firmly attached to the re- 
ciprocating portion, was shaken violently up and down. By 
using three burettes as many solutions could be analyzed at the 
same time, and time is saved which would otherwise be lost in 
waiting for the precipitate to settle after shaking. 

On analysis, by the first method here, very small quantities 
of chlorid were found, though traces were observed in all solu- 
tions, outer and inner. This was to be expected, as the maxi- 
mum quantity of hydrogen utilized, 12 cc, corresponds to 
0.001 grain, which means the formation of about 0.013 gram 
of potassium chlorid. This is much larger than the analysis 
showed, in this instance 0.003 gram, which would seem to indi- 
cate that four-fifths of the reduction here was in the formation 
of potassium hypochlorite, and as a matter of fact this latter salt, 
detected by the odor, was always present to some extent. 

In all cases, the inner solution was clouded by the nitrate 
solution more than the outer, but in no case did the efficiency of 
the yield, i. e. the ratio of hydrogen utilized to the total hydrogen 
evolved, rise above six percent. 


From this series of runs it is evident that hydrogen electro- 
lytically evolved has little tendency at ordinary temperatures to 
reduce potassium chlorate. 
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TABLE I 
Alkaline cell 
Cathode Average Hydrogen evolved 

Amp Ampem Temp Voltam Cale Cell 
0.672 0. 105, 30° 620. 593.5 634.0 
0.147 0.023 21 140. 133.0 138.0 
0.089 O.014 19 84. 79-3 83.3 
0.046 0.007 19 44.1 40.9 44.3 

Acid cell 
0.672 0.084 29° 620. 593-5 617.5 
0.147 0.029 21 140. 133.0 124.0 
0.089 0.018 18 84. 79-3 72.3 
0.046 0.009 18 44.1 40.9 36.9 


In Table I are given the principal data obtained from four 
runs of the above series. From these data it is seen that the 
hydrogen evolved from the acid solution is always less than that 
from the alkaline, the latter being always nearly the same as that 
given off in the voltameter. If we assume that this last quan- 
tity is correct, notwithstanding the disagreement between it and 
the volume of oxygen evolved, then a slight reduction does occur 
in the alkaline cell as shown by the smaller quantity of hydro- 
gen evolved therefrom. If, however, we assume the value of 
hydrogen generated in the voltameter to be erroneous, and that 
the value calculated from the current determined by the copper 
voltameter is correct, then in the alkaline solutions no re- 
duction takes place, but on the other hand some chemical action 
occurs by which hydrogen is liberated independent of electroly- 
sis. Unfortunately, the reduction in the alkaline solutions 
could not be quantitatively determined, as it was discovered 
after the runs were made that the potassium hydroxid used con- 
tained chlorid, and as the quantity of reduction at the most was 
very small, it was deemed inadvisable with the limited time at 
our disposal to repeat the experiments with purer alkali. 

A series of experiments was next made investigating the 
effect of the metal used as cathode, and the effect of current den- 
sity upon the reduction. These experiments were of much 
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promise, as Thorpe’ had found that the reduction of ferric sulfate 
by direct action of a metal was possible, and that this reduction 
was greater with zinc than with magnesium, equivalent weights 
of the metal dissolved being considered. However, the time in 
which a reacting weight of magnesium is dissolved is much less 
than for the equivalent quantity of zinc. Franchot* elimi- 
nated this effect and found that the difference still existed, and 
that electrolysis caused as much reduction of ferric salts at the 
anode as at the cathode, whence he concluded that metals such 
as zinc, cadmium, and copper reduce the salt directly, though in- 
direct reduction due to the action of the acid on the metal also 
occurred. Franchot further states that from some experiments 
he has made upon the reduction of potassium chlorate, it is 
probable that the above-named metals act directly upon the salt 
to reduce it. 

Gladstone and Tribe? found a similar reaction in the direct 
reduction of potassium nitrate by zinc, care being taken by 
using pure amalgamated zinc to prevent galvanic action. Later, 
however, they reject the explanation of the direct action of the 
zine. 

Johnson‘ states, however, that finely divided copper does 
not reduce potassium chlorate. He did not try the effect of add- 
ing acid. 

Neumann: states that all metals act directly upon solutions 
of their nitrates. 

The conclusion to be drawn from these papers is that if for 
the platinum cathodes zinc or cadmium cathodes are substituted 
the reduction will be greater, due to the direct action of the 
metal upon the chlorate. This reaction can be written as fol- 
lows : 

3Zn + KCIO, + 3H,O = KCl + 3Zn(OH),,. 





* Jour. Chem. Soc. 41, 287 (1882). 
2 Jour. Phys. Chem. 1, 75 (1896). 

* Jour. Chem. Soc. 33, 144 (1878). 
* Jour. Chem. Soc. 35, 240 (1879). 
° Zeit. phys. Chem. 14, 193 (1894). 
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As the solutions used are acid, the latter would break down, form- 
ing zine sulfate. As potassium hydroxid is probably primarily 
formed at the cathode, due to the action of potassium as ion upon 
the water, potassium zincate may be formed : 

Zn + 2KOH — Zn(OK), + 2H. 
This would cause more hydrogen to be evolved as shown, and 
the reduction consequently increased to a still greater degree. 

In this series of experiments, cadmium and zinc were the 
metals chosen for consideration and were used in acid solutions 
only. The electrolyte in proportion and strength was through- 
out this set of experiments like that of the first series. The 
anode was in every case the same as the cathode in composition. 
The temperature was kept at about 65° C, its range of variation 
being about ten degrees. The temperature of the cells was kept 
nearly uniform by placing them upon sand baths. Thermome- 
ters were placed in the inner cells, the temperature observed 
every five minutes and the average of these readings is presented. 
A Weston ammeter was placed in the circuit to observe and 
regulate the current during the run, the average current here 
and throughout all of the following runs being accurately ob- 
tained with the copper voltameter. 

After the run, the inner solutions were diluted to 200 cc in 
a measuring flask, 50 cc of this drawn with a pipette and ana- 
lyzed. This analysis in this series was always repeated two or 
three times as a check on the work. 

TABLE II 


Zinc cathode 
Average Percentage yield 


No Amp. Amp/cm? Temp Cathode Total 
I 0.408 0.093 64.5° 26.0 27.2 
2 0.420 0.058 64.3 33.4 36.2 
3 0.413 0.027 64.3 50.0 51.2 
4 0.378 0.019 65.1 58.2 59.1 

Cadmium cathode 
I 0.408 0.093 64.5° 26.8 7.6 
2 0.420 0.058 64.7 30.9 31.0 
3 0.413 0.029 62.5 31.1 31.3 
4 0.378 0.015 62.0 31.1 31.2 
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The results of this series of four runs have been tabulated 
and are also shown graphically in Fig. 2. 
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Fig. 2 


From these results where the current and temperature have 
been kept practically the same, the great influence of current 
density at the zinc cathode is apparent. With the cadmium 
cathode this seems to have little or no effect and one must as- 
sume from this difference in behavior that the action of reduc- 
tion in the zinc cell is different from that in the cadmium cell. 
This may be due to the formation of zincate for which there is 
no corresponding cadmium salt. As the surface of the zinc 
cathode was increased the zincate could more readily form, for 
then the KOH could react more quickly and before the sulfuric 
acid could change it to K,SO.. 

It will be observed that the increase in yield increases at a 
rapid rate as the current density decreases. In attempting to 
follow this effect further, in order to increase the surface of 
the cathodes, the sticks of zinc and cadmium were replaced by 
hollow cylinders of the same metals. To obtain these, casting 
was found necessary. The patterns were made of low melting 
paraffin. They were formed by melting the paraffin in a beaker 
of hot water, on the surface of which it floats in a liquid layer. 


In this a glass cylinder, kept as cool as possible is plunged and 
immediately withdrawn, a film of the paraffin solidifying on its 
surface. This is repeated a number of times until the layer of 
paraffin is about 0.2 cm. in thickness. The paraffin is then cut, 
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longitudinally, stripped off, the cylinder greased with vaseline, 
the paraffin coating replaced, and the cut sealed by holding 
over a flame. The paraffin is now easily slipped from the glass 
and is then hardened. 

An attempt was first made to pour the castings in plaster of 

aris ; but though the plaster was heated for about twelve hours 
at a temperature of 100° C, too much moisture was still present 
and the metal on pouring was blown fromthe mould. Castings 
can be made in this way, but the plaster must be heated until 
almost all of the moisture is driven from it, just enough remain- 
ing to prevent crumbling. This requires careful attention, and 
the method was abandoned and the castings were poured in sand, 
first melting the paraffin forms out. 

Several runs were made with the two cylinders thus ob- 
tained under the same conditions as in the last series, and it was 
found that although the vield with the cadmium remained about 
constant, that with the zinc was very greatly reduced. These 
data are given in Table III. 

TABLE III 


Zine cathode 


Average 

No Amp Amp em? Temp Cathode yield 
I 0.431 0.0035 64.4° 15.9 pet 
2 0.445 0.0036 64.0 24.0 

3 0.417 0.0034 63.4 36.9 

4 0.406 0.0122 65.1 39.6 

5 0.425 0.0034 60.0 42.1 

6 0.406 0.0033 64.6 47.0 

Cadmium cathode 

I 0.431 0.0037 65.4° 31.7 pet 
2 0.445 0.0038 65.5 31.0 

3 0.417 0.0036 63.6 29.9 


Extrapolating on the curve for the variation of the percent- 
age yield with respect to current density (Fig. 2), an efficiency 
of 75 or 8o percent was expected from the Zn cell. On the first 
run, 16 percent was obtained; repeating under the same condi- 
tions, this efficiency rose to 24 percent ; from a third run 37 per- 
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cent was obtained, and the fourth gave 47 percent. Froma fifth 
run at 60° instead of 65° with a slightly higher current density, 
both tending to decrease yield, 42 percent was obtained. From 
these results it is evident that casting had some effect on the outer 
surface of the Zn, which gradually wore away. 

Though cast in dry sand which had been baked to melt the 
paraffin, the surface was probably chilled to some extent and re- 
sisted much more the action of the acid, due to the formation of 
smaller crystals in the metal. From the chip broken off of the 
cylinder after the fifth run, this formation of small crystals near 
the surface and larger ones within was still noticeable. 

To test this effect more thoroughly two sticks of zine were 
cut in two pieces; one piece of each stick laid aside, and the 
other piece cast in the same form. One of the pieces was cast 
in cold moist sand in order to harden; the other in a hollow 
brass cylinder which was first cut longitudinally and then the 
two halves joined and wrapped with asbestos and wire and heated. 
The former method, however, was found to produce a much 
harder casting than the latter. This could scarcely be due to 
any action of the brass in forming an alloy, as, in pouring, the 
zine had welded with the brass, and, on removing the brass, a 
layer of zine adhered to its surface. Had an alloy been formed, 
the tendency would have been to soften the casting. The results 
obtained were probably due to the different temperatures of the 
zinc when poured. 

A photograph, showing the effect of the different conditions 
under which the electrodes were cast on the crystallization of 
the metal, was taken but is not reproduced in this article." 

Runs were made with these two cast pieces and the two un- 
cast ones all used as cathodes and amalgamated, from which the 
following data were obtained : 


TABLE IV 
Average Reduced 
Amp Amp/cm? Temp Yield yield 
Uncast II 0.4235 0.032 64.5° 72.3 75.6 
Cast hard I 0.4235 0.029 64.4 69.6 70.4 
Uncast IV 0.4035 0.028 66.3 65.3 65.3 
Cast soft III 0.4035 0.028 65.0 61.6 61.6 





: Given in the author's thesis. 











Electrolytic Reduction of Potassium Chlorate 589 


The data given here for “cast hard” are for the electrode 
cast in the brass cylinder. The corrections in the yield, for cur- 
rent density, were made from the zinc curve of Fig. 2, and the 
yields were all reduced to those for a current density of 0.028 
aimp/cm?*. 

From these runs it will be seen that in each case from the 
uncast cathode a higher efficiency was obtained than from the 
cast, though the difference was not as marked as was expected 
from the action of the zine cylinder. The difference in efficiency 
(corrected) between “hard cast” and uncast is greater than for 
the “soft cast” and its uncast portion, showing that the larger 
the crystals the better the yield. Why the efficiency for the 
uncast should be greater than for the “soft cast” is not under 
stood, as the crystals of the former are the finer. The age of the 
casting may, however, have something to do with this effect. 

As in the second series of experiments the temperature had 
been raised, as well as substituting zine and cadmium for plati- 
num as cathode, it was thought advisable to make some deter- 
minations of the effect of temperature and current density with 
platinum again as cathode, to ascertain whether all the increased 
reduction obtained in the last series was due to the direct action 
of the metal or to increase in the temperature as well. 

The following data resulted from these runs which were 
conducted in all respects like the previous set : 





TABLE V 
Average 
Amp Amp cm? Temp Yield 
0.4213. 0.003 64.9° 49.0 
0.4225 0.007 64.3 27.6 
0.4225 0.013 65.3 22.1 
0.4213 0.030 64.7 19.5 
0.4213 0.058 64.0 7.6 


These results are graphically shown in Fig. 2. Referring 
to this plate, it will be seen that although temperature and cur- 
rent density play important parts in raising the efficiency, some 
other factors enter into the zinc-cadmium series, for at the same 
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temperature and same current density the percentage yield with 
zine or cadmium is three or four times that where the reduction 
is due to hydrogen alone, i. e. with platinum cathodes. 

A series of determinations which proved fruitful in im- 
portant results was next made to observe the effect of the «con- 
centration of sulfuric acid on the reduction. Six runs were 
made with temperatures, currents, and current densities practi- 
cally alike. In these runs, the cathode solutions of 7/40 and 7/20 
were alkaline at the end of the runs. The following table 
records the results obtained : 


TABLE VI 

Conc Average Zn in 

acid Amp Amp/cm? Temp Yield solution 
0.025 0.372 0.034 64.1° 3.0 0.894 
0.050 0.372 0.034 64.1 6.9 0.879 
0.225 0.389 0.034 64.9 34.3 0.902 
0.250 0.389 0.034 65.2 61.5 0.925 
0. 500 0.376 0.034 64.4 84.2 0.958 
1.250 0.376 0.034 64.3 77.4 0.886 





Fig. 3 
From these results the reduction seems to be a function of 
the conductivity of the sulfuric acid. The percentage yield in- 
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creases greatly as shown, and, from the trend of the curve plotted, 
Fig. 3, seems to reach a maximum for acid of strength about three- 
halves normal. In the run with normal acid, the reduction in the 
outer cell was less than in any other run, though the cathode 
efficiency was the greatest. Sulfuric acid has a maximum con- 
ductivity at a concentration somewhat greater than four times 
normal, so something besides this conductivity must affect the 
result." From this it would seem that the less the potassium 
chlorate carried the current the greater the resulting yield 
would be. 

A series of runs was next undertaken to determine the 
effect of current strength on the reduction. The temperature 
was kept at about 65° C and the density at the cathode constant 
at 0.04 amp/cm*. Three-halves-normal sulfuric acid was used ; 
120 cc of it and 120 cc of saturated potassium chlorate used per 
cell, as in all previous runs. The following results were obtained : 


TABLE VII 


Anode 
Average Cathode Total Anode loss 
Amp Amp/cm= Temp yield yield loss (calc) 
0.063 0.050 64.2° | 94.6 109.0 | 0.239 0.153 _ 
0.521 0.042 64.5 79.6 85.6 1.297 1.264 
1.034 | 0.042 64.5 74.1 83.9 | 2.606 2.510 


1.501 0.040 64.3 67.2 74.6 | 3.443 3.460 
2.027 | 0.041 64.2 57.2 68.4 | 4.916 4.915 
By inspection of the data it will be seen that the yield at 
the cathode appears to increase very distinctly with decreasing 
current ; but that at the anode is a constant, meaning that at 
the anode the amount of reduction increases directly with the 
current strength, while at the cathode the reduction increases at 
a greater rate. 
In this series, platinum wire was introduced into the solu- 
tions in an attempt to keep the zinc electrodes always covered 
and thereby keep the current density constant throughout the 


* Since equal volumes of the sulfuric acid and potassium chlorate solu- 
tions are mixed, the actual volume concentration of the acid in the experiment 
is only about one-half that given in the table. 











592 Adolph L. Voege 


run, as otherwise, if only partially immersed, the portion of zinc in 
contact with the solution would change noticeably during a two- 
hour run, for an evaporation of from 12 to 15 cc occurs at a tem- 
perature of 65° C. The introduction of the platinum in the so- 
lution, however, produces a local action by which zinc is dis- 
solved, hydrogen evolved (though not noticeably at the anode 
where this action should be the same as at the cathode), and the 
potassium chlorate is reduced. 

The quantity of reduction due to this cause could be calcu- 
lated knowing the anode loss, by computing the loss due to 
electrolysis for the current flowing, and to this adding the weight 
of zinc dissolved by the free acid in solution, at the temperature 
employed, and for given duration of run. The difference between 
this sum and the observed loss would give the loss due to the 
local action of the platinum. 

Knowing this loss, the maximum reduction for which it 
can be held responsible can be calculated as follows: 

For every two grams of hydrogen evolved 64.88 grams of 
zinc are dissolved; from the reaction KCIO, + 6H == KCl + 3H,O, 
for every 6 grams of hydrogen evolved 74.4 grams of KCl are 
formed, or for every 194.64 grams zinc dissolved 74.4 grams of 
KCl are formed, and therefore for every gram of zinc dissolved 
0.3822 gram of KCl is formed. 

As this is a constant independent of the strength of the cur- 
rent it will become a more important factor as the total reduc- 
tion increases. That is, it will raise the apparent percentage 
yield, at the cathode, of the current of lower strength, as was 
found experimentally. If this is the case, however, the same 
effect should occur at the anode and the total percentage yield 
should increase at a greater rate than the percentage yield in the 
cathode cell. The data obtained certainly do not show this 
result. 

Another proof that current does have an effect on the 
reduction is shown by comparing the efficiencies of runs for 
diffusion tests, and for zincate.'. In the former test the current is 


' See succeeding pages. 
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0.47 ampere, the cathode density 0.046, and the temperature 
64° ; in the latter the current is 0.23 ampere, the cathcde den- 
sity 0.022 and the temperature 64°. The efficiency in the for- 
mer case is at cathode 79.5, and in the latter 87.5 percent. 

It seems probable, notwithstanding the annoying effect of 
the platinum, that increasing the current strength has the effect 
of decreasing the yield. This may be due to the change in 
voltage, which may cause some undesirable reaction, as possibly 
of the decomposition of KCIO, or KCl, the former being unde- 
sirable as shown in experiments with varying strengths of sul- 
furic acid, the latter because it is the product desired. 

The effect of increasing the temperature was next consid- 
ered. Four runs were made at temperatures varying from 20° 
to 80°. In this series care was taken that the error due to the 
introduction of platinum did not enter, though the accuracy 
with which current density was determined suffered in conse- 
quence. 

The following results were obtained : 


TABLE VIII 





Average 
Amp Amp/cm? Temp Cathode yield Total yield 
0.436 0.042 25.6° 51.3 52.2 
0.438 0.042 43-3 58.2 60.4 
0.439 0.042 56.0 80.5 86.0 
0.521 0.042 64.5 79.8 85.6 
0.439 0.042 SI.1 $1.0 89.7 


From the above data, it will be seen that the temperature 
is also an important factor. It is natural to expect results as 
here obtained, the efficiency increasing with increasing tempera- 
ture, for increasing temperature always assists chemical action 
and thus less hydrogen escapes. Also, as seen from the anode 
reduction, it seems to increase the effect of the direct action of 
the zinc on the potassium chlorate. This anode reduction is not 
conclusive evidence as to the action of the zinc until an experi- 
ment has been performed, testing the amount of diffusion 
occurring from the cathode to the anode under the conditions of 
the run. 
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In all the runs made throughout this research some reduc- 
tion is always found in the anode cell. This may be due to 
direct reduction by the zinc electrode or to diffusion from the 
cathode chamber. To settle this question, the anode and 
cathode were set in porous cups, each porous cup placed in a 
beaker, and the beakers connected by a siphon. The arms of 
the siphon had a diameter of about two centimeters so as to re- 
duce the resistance as much as possible. As it was, the passage 
of the current sufficed to heat the liquid to about 70°. The 
electrolyte consisted of one part of 37/2 sulfuric acid and one 
part potassium chlorate solution. 

A run of two hours was made with this apparatus, using 
520 cc of the electrolyte, and heating the solutions in the beak- 
ers on sand baths to an average temperature of 64°. Anaverage 
current of 0.4715 ampere was used, giving a current density at 
the cathode and anode of 0.046 ampere per square centimeter. 
The amounts of chlorid, determined by analysis, found in the 
cells were as follows, A referring to the anode and C to the 
cathode : 


A inner (corrected ) 0.002 
A inner 0.004 
A outer 0.005 
C outer 0.031 
C inner 0.347 


It was determined and will be explained at length further 
on, that zinc does reduce potassium chlorate in the presence 
of sulfuric acid; and due consideration being paid to the effect of 
temperature, length of run and area of metal exposed to the 
electrolyte, the correction was applied to “ A inner” as shown 
above. From these results it will be seen that the reduction at 
the anode due to electrolysis is probably zero, and that in previ- 
ous runs most of the chlorid found there came by diffusion from 
the cathode chamber, for the data show that the nearer the con- 
tents of the cell to the cathode the more the reduction found. 

To determine the amount of reduction due to the hydrogen 
evolved from the purely chemical action of the sulfuric acid on 
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the zinc, a stick of amalgamated zinc having an area of 10.3 
cm? was immersed in 120 cc. of the standard solution of potas 
sium chlorate and sulfuric acid (37/2) at a temperature of about 
70° C for two hours. The loss of zine was 0.0145 g, and on 
analysis of the solution 0.0015 g of potassium chlorid was 
found. 

It had seemed probable from the results previously obtained 
that under the proper conditions an electrolytic efficiency of 
more than 100 percent could be obtained at the cathode. This 
would mean that hydrogen was evolved from something other than 
direct electrolytic action. If the potassium chlorate carries the 
current, the K ions will appear at the cathode and decompose 
water, forming KOH and H. From Faraday’s law this H would 
be part of that calculated from the current strength together with 
that due to the transference of H ions from the H,SO.. The 
KOH formed would ordinarily react with the acid, forming 
water and K.SO_,; but if this acid were eventually weakened at 
the cathode, the alkali might act upon the zinc and form the 
zincate with evolution of hydrogen, as follows: 

Zn — 2KOH = Zn(OK), — 2H. 
This H is not accounted for by the electrolytic calculation and 
is a purely secondary reaction, so, should it react with the 
chlorate, at a low current density, an efficiency better than unity 
is quite possible. 

To determine whether this reaction occurs, the hydrogen 
evolved from the cathode was measured, and this quantity added 
to that used in reduction, determined by analysis, should equal 
the total evolution calculated from the current strength, if no 
zincate is formed. If the zincate is formed the sum of the above 
quantities will be greater than the value calculated from the 
current. 

The apparatus used in collecting the hydrogen has already 
been described, and special care was taken that the relative 
heights of the liquid columns remained the same, thereby pre- 
venting the necessity of recalibrating the burette. The cell was 
heated on a sand bath. The zine cathode was suspended in an 
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inverted glass cylinder by platinum wires, care being used that 
the platinum did not come in contact with the electrolyte. This 
latter had the usual composition. An average current of 0.231 
ampere was passed through the cell for two hours, the tempera- 
ture averaging 64.3° C, and the current density 0.0225 amp/cm’. 
13.9 cc of hydrogen were evolved from the cathode during the 
run,and none from the anode, and on analyzing the solutions 
0.1873 gram of potassium chlorid was found in the cathode 
cell and 0.023 gram in the anode cell. 

At the temperature and pressure of the run 1 liter of hydro- 
gen equals 0.08314 gram and therefore the 13.9 cc. of hydrogen 
evolved is equivalent to o.co116 gram. The total potassium 
chlorid formed is 0.2103 gram, which corrected for the effect 
of the acid on the anode is 0.209 gram. This is equivalent to 
0.209 

12.4 
counted for in the cell is therefore 0.0169 + 0.00116 = 0.0181 
grain; greater than that calculated from the current, 0.01727 
gram, by 0.0008 gram or about ro ce. An error which cannot 
be corrected for is the absorption of the hydrogen given off, by 
the water in the burette; this was undoubtedly less than to ce, 
and as hypochlorite was also detected in the solutions, thereby 
making the hydrogen accounted for still greater, the conclusion 
is reached that the zincate is formed and hydrogen evolved, 
through the action on the zine of the potassium hydroxid 


=0.0169 gram of hydrogen. The total hydrogen ac- 


formed electrolytically. 

_ From the data obtained it should be possible to obtain a 
yield of over 100 percent, and to do this a run of two hours was 
made under the following conditions: 280 cc of the standard 
electrolyte was used, 100 cc of this in the cathode, the inner cell. 
The average temperature employed was 81° C, the current 
0.0715 ampere, and the current density at the cathode 0.00134 
aimp/cm?’, 

The anode lost 0.1984 gram in weight, the cathode lost 
0.2760 gram in weight. On analyzing the solution 0.116 gram 
of potassium chlorid was found in the cathode cell and 0.0178 
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gram in the anode cell. From the current, 0.005335 gram of 
hydrogen should have been evolved, which, with an electrolytic 
efficiency of unity, would have formed 0.066 gram of potassium 
chlorid. The results from these data are an efficiency of 176 
percent in the inner cell and a total efficiency of 202 percent. 
The reduction due to the presence of free acid is 0.0015 gram of 
potassium chlorid for an area of 10.26 cin’ at a temperature of 
65° C. Here at the cathode there is 5.2 times the area ex- 
posed, which would mean a reduction of 0.0015 * 5.2 = 0.0078 
gram at the cathode, or as the temperature is in this case 15° 
higher, say 0.01 gram at the cathode ando.co2 gram at the anode 
where the area is 10.26 cm*. If these quantities be subtracted 
from those already determined, the efficiencies are reduced to 160 
and 184 percent. 

No hydrogen was given off that could be observed, but from 
the following calculation it will be seen that hypochlorites must 
have been formed as the electrolytic efficiency of the chlorid 
yield is far from 100 percent. From the current strength the 
loss from the zine anode should have been 0.1733 gram. It is 
actually 0.1984 gram. The difference, 0.0251 gram, is due to 
the action of the acid. Since 0.0251 gram of zinc is equivalent 
to 0.000773 gram of hydrogen, this means the formation of 
0.00959 gram of potassium chlorid, assuming all the hydrogen 
to be used in reduction. If this be multiplied by 5.2, the ratio 
of the cathode to the anode area, the reduction due to the acid 
at the cathode, results, which is 0.0498 gram. Subtracting this 
from o.106 gram gives 0.56 gram of potassium chlorid 
formed due to electrolysis or an electrolytic efficiency of 85 per- 
cent, while 15 percent of the hydrogen electrolytically evolved 
goes toward forming potassium hypochlorite. The loss in 
weight of the anode is probably wrong, as shown from this calcula- 
tion. If the zincate is formed, a still greater quantity of hypo- 
chlorite may be formed, but it is hardly conceivable that this 
action can occur simultaneously with that due to the presence 
of the acid. A fact that tends to show that the zincate is formed, 
is shown in the data for the first series of experiments made, 








598 Adolph L. Voege 


Table I. In every case the hydrogen evolved from the alkaline 
cell is greater than that calculated from the current strength, 
showing that hydrogen is evolved from some chemical reaction 
other than those due to electrolysis. This reaction can be noth- 
ing else than the formation of potassium zincate. 

Before undertaking any run with copper electrodes it was 
thought best to determine the reduction resulting from its pres- 
ence in an acid solution. 

120 cc of the standard electrolyte, sulfuric acid (3/2) and 
potassium chlorate, was heated toabout 70° Cand a copper rod hav- 
ing an area of 11.5 cm’? was immersed in the solution for two hours. 
No hydrogen was evolved, none gathered even on the metal; 
therefore all the copper dissolved was used to reduce the chlorate. 
2.048 grams of copper were dissolved, and as one gram of copper 


° ° 2 
is equivalent to a Hg 70-0317 gram of hydrogen, here 0.0649 


gram of hydrogen was evolved which means the formation of 
0.805 gram of potassium chlorid. On analyzing the solution 
0.791 gram of potassium chlorid was determined, a yield of 98.2 
percent of chlorid was obtained and 1.8 percent of the hydrogen 
must have gone toforming hypochlorite. It is interesting to note 
that under the same conditions, so far as they are known, zinc 
gave a yield of but 26 percent of chlorid and that therefore 
copper in the presence of sulfuric acid is a much better reduc- 
ing agent than is zine. 

The dissolving of the copper is not due to the presence of 
the acid alone, for taking 60 ce of the acid (37/2) and adding 60 
ce of water, at the same temperature as the last run, with the 
same area of metal exposed, and in the same time but 0.0039 
gram of copper was dissolved ; while with the chlorate present 
2.05 grams were dissolved. 


Lastly, two runs of two hours each were made with copper 
electrodes at temperatures of 28° and 78°. In the formera cur- 
rent of 0.473 ampere flowed, the density at both the anode and 
the cathode being 0.049 amp/cm’*. During the run the anode 
solution became deep blue, the cathode remained colorless. The 
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loss in weight of the anode was 1.344 grams, while the loss of the 
cathode was 0.0036 gram. On analysis, at the anode, 0.0431 
gram of potassium chlorid was found; at the cathode 0.0446 
gram was found. 

From the current 1.117 grams of copper should have been 
dissolved from the anode; as 1.344 grams were dissolved, 0.227 
gram was due to the action of the acid. This quantity is equiv- 
alent to 0.0072 gram of hydrogen or 0.0893 gram of potassium 
chlorid. In the cathode cell the electrode lost 0.0036 gram, 
equivalent to 0.000114 gram of potassium chlorid. From the 
current, for an efficiency of unity, 0.4385 gram of potassium 
chlorid should be formed. Due to electrolysis, at the cathode, 
0.0445 gram was formed, giving an efficiency of 10.1 percent ; 
and at the anode, where 0.0893 gram was expected from the 
solution of copper besides some from diffusion, but 0.0431 gram 
was found. If the copper were absorbed as cuprous sulfate just 
half of 0.0893 or 0.0447 gram of potassium chlorid should be 
expected, which is much Closer to the true quantity determined. 
These calculations reduce the electrol: tic efficiency to 10.1 per- 
cent instead of 20 percent where all reduction is considered as 
due to electrolysis. 

That electrolytically copper is less efficient than zinc may 
be shown by comparing this run with one of the runs for tem- 
perature determinations with zinc electrodes. In the latter run 
the current is 0.438 ampere, the density 0.042, and the tempera- 
ture 26°, and the efficiency at the cathode 52 percent in a two 
hour run. The conditions are very closely those of the copper 
run and yet the electrolytic efficiency is five times as great in the 
run with zinc electrodes, notwithstanding that probably more 
than an equivalent weight of copper went into solution for the 
amount of zinc dissolved. 

In the second run with copper electrodes a current of 0.0783 
ampere was used, the density at both electrodes being 0.087 
amp/cm*. In this case the solutions were more deeply colored 
than in the previous run, that at the anode being much bluer 
than that at the cathode. The loss in weight of the anode is 
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2.64 grams and of the cathode 1.619 grams. On analysis, at the 
anode, 0.604 gram of potassium chlorid was found, and at the 
cathode, 0.878 gram. Here the anode loss due to the current is 
0.185 gram, leaving the loss due to the acid and to the chlorate 
2.455 grams, equivalent to 0.965 gram of potassium chlorid if 
we consider that the cupric compounds are formed. If cuprous 
compounds are formed 0.483 gram of potassium chlorid should 
be found; as 0.604 gram was found, the formation of both com- 
pounds may occur, or, the cuprous compounds being unstable, 
they may be broken down at the high temperature. The same 
explanation applies to the reaction at the cathode and no electro- 
lytic efficiency can be at all accurately determined. It is, how- 
ever, probably less than that with zine electrodes. 

The following conclusions are deduced from the results ob- 
tained experimentally : 

1. The reduction occurring in acid solutions is greater than 
that occurring in alkaline ones. 

2. The amount of reduction varies with the metal used for 
electrodes, being greater with the zinc than with cadmium and 
greater with the latter than with platinum. 

3. With zine and platinum the efficiency of reduction in- 
creases greatly with decreasing current density, while with cad- 
mium this is not noticed. 

4. The physical structure of the zinc electrodes greatly 
affects the reduction yield. 

5. Increasing the temperature of the electrolyte greatly 
facilitates the reduction. 

6. The reduction depends very largely on the strength of 
the sulfuric acid used. The efficiency being the maximum for 
acid of about three-halves normal strength. 

7. Decreasing the current strength increases the reduction, 
this result being possibly due to the change in voltage occurring. 

8. No electrolytic reduction occurs at the anode in zinc, 
cadmium, and platinum cells, and all chloride found there is 
due to the action of the acid and to diffusion from the cathode 
cell. 
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9. The potassium zincate is formed at the cathode by the 
secondary reaction of potassium hydroxide, electrolytically 
formed, with the zinc; and the hydrogen generated by this 
formation is used in reduction, making it possible to obtain an 
electrolytic efficiency of more than 100 percent. 

10. Copper, though but slightly attacked by sulfuric acid 
alone, is readily dissolved in the presence of potassium chlorate, 
and an almost quantitative yield of potassium chlorid results. 

11. This reduction by copper without electrolysis is about 
four times that by zine for equivalent quantities dissolved, 
though zine dissolves much more slowly than does copper. 

12. With copper electrodes the electrolytic reduction is 
probably less than with zinc electrodes, though this is difficult 
to establish conclusively because of the great amount of reduc- 
tion due to purely chemical causes occurring when copper elec- 
trodes are used. 

The writer takes this opportunity to thank Professor Ban- 
croft, under whose supervision this research was carried out, for 
the valuable advice he has always most willingly given. 
Thanks are also due to Mr. H. P. Cady, Fellow in Chemistry, 
for the many suggestions made by him with respect to the per- 
formance of experiments in the laboratory. 

Cornell University, June, 1899 











NOTE ON THE PREPARATION OF METALLIC 
LITHIUM’ 


BY LOUIS KAHLENBERG 


Up to the present time metallic lithium has been obtained 
by electrolyzing lithium chloride in the molten state. The 
reason why this metal can not be obtained from aqueous solu- 
tions by electrolysis is that it reacts with water, forming hydro- 
gen and lithium hydroxide. It is evident that if a solvent tor a 
lithium salt could be found upon which lithium does not act, 
the metal could be deposited from the solution by electrolysis, 
provided the solution proved to be an electrolyte. 

Pyridine is a solvent of this kind. It will dissolve lithium 
chloride and thus form a solution that conducts electricity. 
The electrical conductivity of such solutions is slight as com- 
pared with that of aqueous solutions. It has been determined 
by St. v. Laszezynski and St. v. Gorski.? These investigators 
also attempted to precipitate the metal from the solution electro- 
lytically. In their electrolytic cell they used a diaphragm in 
form of a porous cup which greatly increased the internal 
resistance; and the cathode they employed was a short platinum 
wire 1 mm in diameter, so that the current density was relatively 
high. The anode consisted of a platinum foil. They used a 
pressure of roo volts in their experiment in order to get a suffi- 
cient current. The result was that they obtained merely a 
black crust that contained metallic lithium. 

I have found that lithium may be obtained in white metallic 
form from solutions of lithium chloride in pyridine by electroly- 
sis at room temperatures. The method of operation is the sim- 


' From the ‘‘ Wisconsin Engineer,’’ 3, 2 (1899). 
* Zeit. Electrochemie, 4, 290 (1897). 
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plest possible. It may be described as follows: A concentrated 
solution of lithium chloride in pyridine is placed in a beaker into 
which dip a carbon plate (anode) and a bright iron plate or foil 
(cathode). Platinum or some other metal may, of course, also 
serve as cathode, though when used as anode a metal (even 
platinum) is apt to be attacked and some of its substance carried 
over to the cathode. No diaphragm is necessary. With a dif- 
ference of potential of but 14 volts between the electrodes, a 
current of from 0.2 to 0.3 ampere per 100 sq. cm. of cathode 
area will soon deposit a dense, well-adhering silver white coat- 
ing of metallic lithium. The deposit thus obtained possesses 
all the well known physical and chemical properties of the metal. 

Lithium, being an alkali metal that is not very plentiful in 
nature, has thus far not found use in practical life in the metal- 
lic form; nor are the indications at present such that it will be 
used in practice. Metallic lithium costs from three to five dol- 
lars per gram and is used only for scientific purposes, mainly 
perhaps as a sample for exhibition in connection with lectures 
on chemistry. 

By means of the method just described the metal can 
readily be obtained from the relatively cheap chloride in quan- 
tities sufficient for most scientific purposes. The method of 
preparation, as well as the properties of the metal, can thus 
easily be demonstrated to a class of students in a short time with 
simple means. 

The method has not as yet been studied with a view of de- 
termining the conditions under which the yield is best, or to 
answer the question as to how large a quantity of the metal can 
thus be prepared economically. It may be stated, however, that 
the difficulties in obtaining lithium in quantity from this solution 
are in general those that are met in separating metals from their 
solutions in large quantities by means of the electric current. 

Laboratory of Physical Chemistry, University of Wisconsin, 
Madison, April 14, 1899 
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Grundriss der allgemeinen Chemie. Ay Wilhelm Ostwald. Third re- 
vised edition; 14X% 22cm; pp. xvi+5yo. Leipzig: Wilhelm Englemann, 
1899. Price: paper, 16, cloth 17.20 marks. — Though the same general form 
has been preserved, the third edition is very different from the first. There is 
less of the tentative and more of the dogmatic. The book is not now written to 
induce people to take up the study of physical chemistry, but to expound phy- 
sical chemistry tothem. A new point of view is manifest throughout. Not 
only is the physical chemist monarch of all he surveys; he has explored his 
new kingdom so thoroughly that there is little left to those who come after save 
to follow reverentially in the footsteps of the pioneers. There is a feeling of 
permanency that is impressive. Ostwald believes that all flesh is grass, except 
that of the physical chemist. While he preaches the dottrine that all theories 
spring up, flourish for a day, and then fade away, it is perfectly clear that phy- 
sical chemistry is something different. Such matters as the change of the 
vapor-pressure with the concentration, as the potential difference between a 
metal and a solution, and many others, are no longer live questions. They have 
been settled for all time, and the only subject worthy the attention of a scien- 
tific man is that of catalytic action. 

This may all be true. It sounds well, especially as Ostwald puts it, and 
yet one is sometimes tempted to ask whether we have not turned aside from the 
path along which true progress lies. When a student in Leipzig, nine years 
ago, I asked Ostwald whether it was not very desirable that some one should take 
up seriously the study of concentrated solutions. He thought not, saying that 
there was still too much to be worked out in regard to dilute solutions, and that 
it was well to finish that up before launching out into a new field. He believed 
that a further study of dilute solutions would make the question of the behavior 
of concentrated solutions an easy problem to solve. Nearly ten years have 
passed since then, and the science of physical chemistry has developed wonder- 
fully during that time. But the matter of concentrated solutions is very nearly 
where it was ten years ago. The reason is not far to seek. Physical chemistry 
is not yet a quantitative science ; it is a pseudo-quantitative science. There are 
all the outward signs of a quantitative science. We have formulas and tables ; 
we make use of thermodynamics and the differential calculus ; but this is for the 
most part a vain show. Long before we reach the point where the formula is 
to be tested experimentally, we slip in a ‘simplifying assumption’: that the 
concentration of one component may be considered as constant ; that the heat 
of dilution is zero; that the solute may be treated in all cases as though it were 
an indifferent gas ; that the concentration of the dissociated portion of a salt 
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may be substituted for the total concentration ; etc., etc. The result is that our 
calculations apply at best only to limiting or ideal cases where an error in de- 
ducing the formula may be masked by the errors of observation. Helmholtz 
did not do this, but Helmholtz is considered old-fashioned. 

The divisions of the book are: mass relations of chemical compounds ; 
stoichiometry of gases, of liquids, and of solids; dilute solutions; general 
theory, including the periodic law and the molecular hypothesis; thermo- 
chemistry ; chemical mechanics; photochemistry ; electrochemistry ; chemical 
affinity. As was to be expected, these last three chapters are the ones that are 
most unlike their forerunners in the first edition. There are, however, many 
changes throughout the volume. Among the satisfactory points are the gen- 
eral statement in regard to combining and formula weights; the table showing 
the experimentally determined vapor densities; the recommendation that the 
molecular rotation be referred to a layer one centimeter thick, the question of a 
negative surface-tension, and a standard unit of heat. This last is exceedingly 
interesting. Instead of the calorie, Ostwald proposes the kilojoule, J = 10° 
ergs. The relation of this to the 18° calorie, from Rowland’s data, is 
1 cal = 41830000 ergs, or J = 239.1 cal. There are now so many calories, and 
they are used so loosely and so indiscriminately, that the new unit is very 
welcome. 

There are some points in the book that are distinctly not to be praised. In 
the deduction of Raoult’s relation between vapor-pressure and concentration, 
there is absolutely nothing to show that the molecular weight of a solvent enter- 
ing into the formula is the molecular weight of the solvent as vapor, and has 
nothing to do with the value in the liquid. The whirligig proof for the vapor 
given off by a dineric system is repeated, though without the cut. It is stated 
as a general truth that the higher-melting modification is always the more 
stable. The ohm is said to be equal to the resistance of a column of mercury 
106.23 cm. long. Great pains are taken always to call the phase rule the phase 
law. 

The book, as a whole, will prove serviceable to those wishing to get some 
idea of physical chemistry. The whole subject is given in a concise form, 
making the volume distinctly the best work that we have. 

Wilder D. Bancroft 

A Treatise on the Kinetic Theory of Gases. Ay S. H. Burbury. 715 X 23 
cm; pp. viii+ 157. The Cambridge University Press. New York: The 
Macmillan Co., 1899. Price: $2.00.—This is another treatise stimulated 
more or less directly by the sustained discussions published in Nature by Boltz- 
mann, Burbury, Bryan, Watson, and others. The book before us is by no 
means elementary, in so far as it presupposes a sound knowledge of the subject. 
It is rather a critical examination of the kinetic theory of gases, beginning 
with carefully summarized definitions and hypotheses. The book is nowhere 
didactic ; and it ends, as it were, with an appeal to the reader. Burbury dis- 
tinguishes between the usual assumptions of the kinetic theory (Clausius, Tait, 
Boltzmann, and others), in which the chance of any molecule having a velocity, 
in the direction 2, between and » —-du is independent of its position in space, 
the velocities 7, w in directions y and z, and the given instantaneous positions 
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and velocities of all other molecules of the system, — and a broader hypothesis 
in which these simplifying conditions do not hold. It is his purpose to assume 
the latter case, including as it does the first, and to show that the fundamental 
propositions can generally be established from the new point of departure. In 
Burbury’s deductions, the distributing exponent of Maxwell's law, instead of 
containing squares of velocity only, becomes a quadratic function of these vari- 
ables; and his propositions then apply to gaseous systems, without such restric- 
tions as to density as limit the old kinetic theory. Throughout the book, the 
demonstrations are grouped around Boltzmann's minimum theorem, relative to 
the normal or persistent distribution of velocities in a gas. 

The general reader will find the book interesting chiefly as an exhibit of 
the formidable difficulties which have hampered the progress of the kinetic 
theory of gases. C. Barus. 


Physikalisches Praktikum, mit besonderer Beriicksichtigung der physikal- 
isch-chemischen Methoden. /y ELi/hard Wiedemann and Hermann Ebert. 
Fourth, revised and enlarged, edition. 15 X 23 cm, pp. xxix + 574. Braun- 
schweig: F. Vieweg und Sohn, 1899. Price: paper 10 marks, cloth 11 marks. 
—The third edition of this work was reviewed two years ago (1, 734), and the 
fourth edition is now on the market. The general plan is the same as in the 
preceding editions. The additions are chiefly in the chapter on optics. We 
find a more complete discussion of photometers; experiments on the spherical 
and chromatic aberration of lenses, and on the determination of the focal dis- 
tance in systems of lenses; new experiments on the application of spectrum 
analysis to analytical work ; and what is practically a new chapter on the polar- 
ization of light. There are now two chapters instead of one devoted to conduc- 
tivity measurements, and a similar expansion is to be observed in the pages re- 
lating to magnetic measurements. The book is very satisfactory and a large 
number of the experiments described therein should be performed by every 
student of chemistry. Wilder D. Bancroft. 


The Fundamental Laws of Electrolytic Conduction. ( //arper’s Scientific 
Memoirs.) Edited by H. M. Goodwin. 14 X% 21cm. pp. 8 ~ 98. New York: 
Harper and Brothers, 1899. cloth. — There are reproduced in this volume two 
papers by Faraday, one the ‘*‘ Relation by Measure of Common and Voltaic 
Electricity,”’ the other on ‘‘ Electrochemical Decomposition ;’’ one paper by 
Hittorf on the ‘‘ Migration of Ions during Electrolysis ;’’ and one paper by 
Kohlrausch on the ‘* Conductivity of Electrolytes Dissolved in Water in Rela- 
tion to the Migration of Their Components.’’ The selection is a good one and 
the reviewer ventures the hope that a perusal of the two memoirs by Faraday 
will lead the student to study the ‘‘ Experimental Researches "’ with care. 

Wilder D. Bancroft. 

Analyses électrolytiques. (/ucyclopidie scientifique des Aide-mémoire. ) 
By Ad. Minet. 12X19 ¢cm.; pp. 176. Paris: Gauthier-Villars, 1899. Price: 
boards 3 francs; paper 2.50 francs.—This is another of the Aide-mémoire 
series. The book is distinctly above the average and contains directions both 
as to current and as to voltage. Wilder D. Bancroft. 
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Liquid hydrogen. R. . - - 
On silver bisulfid. R. - - - “ 
See Richards and Harrington. R. - - 
See Gordon, Henderson and Harrington. R. - 
Sterilization of liquids by filtration. R. - 
Some boiling-point curves. . - - 
Method of determining the polarization. R. 
The effect of X-rayson luminosity. R. - - 
Catalytic action of platinum black. R. - 
Effect of concentration on reaction velocity. R. 
Decomposition under the influence of electrical 
oscillations. R. - - - - 


Reaction velocities. R. - - 
See Gordon, Henderson and Harrington. R. - 
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Herschkowitsch, M. Contribution to our knowledge of metallic alloys. 
Herzfeld, R. Specific cohesion of copper. R. - - 
Haycock, C. T., and 
F. H. Neville ROntgen ray photography applied to alloys. R. 
Heydweiller, A. Contact electricity between metals and liquids. 
R. - - - . - 
Heydweiller, A. Continuous transition from the one to the liquid 
state. R. - - - - 
Heydweiller, A. ong toacommentof G. Tammann. R. - 
Higley, G. O. See Freer and Higley. R. - - - 
Hill, A. C. Reversible zymohydroly sis. R. - 
Hittorf, W. On the electromotive behavior of chromium. R. 


Hober, R., and F. Kiesow On the taste of salts and alkalies. RR. - - 
Hoff, J. H. van ‘t, and 

W. Meyerhoffer Application of the theory of equilibrium to the 

formation of oceanic salt deposits. R. - 

Hoff, J. H. van't, F. € . 
Donnan, T. Estreicher- 
Rozbierski, F. B. Ken- 
rick, W. Meyerhoffer, 


and P. Williams Investigations on the formation of oceanic salt 
deposits, I-XI. R. - - - - 
Hoff, J. H. van't The Snepeneinyy empoatanenet imongenie chemistry. 
Hoffman, W. Coefficient of pressure of air. R., - - 
Hoffmeister, H. On conduction in mixed salt solutions. R. 
Hopfgartner, K. On current distribution in mixed solutions of 
electrolytes. R. - - - 
Hoitsema, C. Solutions of two salts with a common ion, II. R. 
Hoitsema, C. Non-explosive decomposition of guncotton. R. 
Holleman, A. F Studies on the nitrobenzoic acids. R. - 
Howe, J. L., and 
E. A. O'Neal The formation of alums by electrolysis. R. - 
Howe, J. L., and 
S. G. Hamner The color of sulfur vapor. R. 
Hiifner, G. Diffusion of gases through water and through 
agar jelly. R. - - 
Humphreys, W. J. The lines of emission spectra of elements. R. 
Jackson, C. L., and 
J. 1. Phinney Trinitrophenylmalonic ester. R. - - 
Jackson, D. H., and 
S. Young Specific gravities and boiling-points of mixtures 
of benzene and normal hexane. R. - 
Jager,G., and St. Meyer On the degree of magnetization of water. R. - 
Jahn, H. On galvanic polarization. R. - - 
Jahn, H. Comment on the paper of Herr Hoffmeister. R. 
Janet, P. Temperature of incandescent lamps. R. - 
Jarry, R. Ammoniacal silver bromids. R. - - 
Jenko, P. On the brilliancy of a source of light. R. - 
Job, A. Volumetric analysis in alkaline solution with a 
ferrous salt. R. - - - 
Jones, A. C. On certain emission spectra. R. 
Jones, H. C. Atomic weights of see ee and neodidym m- 
ium. R, - - - 243, 
Joubin, P. On the constant HV/T. R. - - 
Julius, S. A. The maximum tension of a vapor. R. - 


Kaeppel, F. Determination of manganese by electrolysis. R. 





247 
428 
IS4 
262 


187 
415 
435 


421 
569 


502 
561 

53 
126 





Kahlbaum, G. W. A. 
Kahle, K. 
Kahlenberg, L. 


Kahlenberg, L. 
Kahlenberg, L., and 
A. T. Lincoln 
Kahlenberg, L., and 
oO. mg 
Kahlenberg, L., D. J. 


Kastle, J. H. 
Kastle, J. H., and 
W. A. Beatty 


Kastle, J. H., and 
A. S. Loevenhart 


Kastle, J. H., P. Murrill, 


and J. C. Frazer 
Kauffmann, H. 
Kauffmann, H. 
Keiser, E. H. 
Kelvin, Lord 
Kenrick, F. B. 
Kerp, W. 
Kiesow, 3 
Kipping, I , and 

W. J. “dag 
Kippenberger, C. 
Kistiakowski, W. 


Klien, R 
Klimenko, B. 
Knoblauch, O. 
Koch, F 
Kohlrausch, I 
Kohnstamm, P., and 
E. Cohen 
Konigsberger, J. 


Kopp, O. 
Kortright, F. L. 


Kramers, J. C. H. 
Kraszler, S. 
Kraus, C. A. 
Krutwig, J., and 
A. Dernoncourt 


Kuenen, J. P. 
Kuriloff, B 


Kurnakow, N. S. 


Kiister, F. W. 


Kiister, F. W. 


Name Index 615 
Measurements of vapor pressure, II. R. - I7I 
The use of the silver voltameter. R. - 428 
Differences of potential between meta!s and non- 

aqueous solutions of their salts. - - 379 
Action of solutions on the sense of taste. R. 66 
The dissociative power of solvents. - 12 
The aqueous solutions of the soaps. R. - - 416 

Davis, and R. E. Fowler The inversion of sugar by salts. R. 514 
The color of compounds of bromin and iodin. 520 
Dissociation of pheuyherns poutioemnd in sol- 

vents. R. - - - 508 
Oxidation of formic aldehyde by hy drogen per- 

oxid. R. - - - 514 
The decomposition of sulfonic esters. R. - 514 
Note. R. - - - - 188 
Studies on electrical vibrations. R. - - 188 
The quantitative synthesis of water. R. - 502 
Contact electricity of metals. R. - - 58 
See van 't Hoff and Kenrick. R. - - 508 
Contributions to our knowledge of amalgams. R. 116 
See Hober and Kiesow. R. - - - 431 
Enantiomorphism. R. - - - 247 
Note. R. - - - 119 
Study of reaction velocity especially in aqueous 

alcohol. R. - - - - 252 
See Schall and Klien. R. - - - 63 
See Tanatar and Klimenko. R. - - 432 
Rate of saponification. R. - 56 
An improvement to the standard barometer. R. 412 
Velocities of ions at 18°. R. . - 185 
Studies on the Weston normal cell. R. - - 567 
Absorption of ultra-red rays in doubly refracting 

crystals. R. - - - 7 
See Eibs and Kopp. R. - - . - 62 
The deliquescence of potassium nitrate, sodium 

nitrate, and ammonium nitrate, - 328 
Electrical conductivity of potassium nitrate. R. 65 
See Schall and Kraszler. R. - - - 63 
See Franklin and Kraus. R. - 506, 507, 519 
Formation of sodium sulfate from sulfur dioxid, 

air, and sodium chlorid. R. - - 515 
Condensation of a mixture of two gases. RR. - 55 
Equilibria between ammonium nitrate and am- 

monia. R. - 506 
Color and the constitution of the halid double 

salts. R - - - - 190 
Conversion of potassium iodid and bromid into 

chlorid. R. - - - - 120 
Rate of crystallization, Il. R.~ - - - 252 
On equilibrium phenomena in precipitates. R. 250 
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Kuster, F. W. 

Kiister, F. W. 

Kiister, F. W. and 
A. Thiel 


Laar, J. J. van 
Laar, J. J. van 
Laar, J. J. van 


Landsberger, W. 


Langley, J. W. 
Lebeau, P. 
LeBlanc, M., and 
Eckhardt, M. 
LeChatelier, H. 
LeChatelier, H. 


LeChatelier, H., and 
O. Boudouard 
LeChatelier, H., and 
O. Boudouard 
LeChatelier, H., and 
O. Boudouard 
LeChatelier, H., and 
O. Boudouard 
Leduc, A 
Leduc, / 
Leduc, ¢ 
Leduc, : 
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Leduc, 
Leduc, 
Leduc, / 
Leduc, / 
Leduc, / 
Leduc, 4 
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Leduc, A. 


Leduc, A. 
Leduc, A., and 
P. Sacerdote 
Leduc, A., and 
P. Sacerdote 
Legrand, E. 


Lehfeldt, R. A. 
Leick, W. 


Leleux 
Lemoine, G. 


Lemoine, G. 
Lengyel, B. v. 


LeRoy, F. 
Lespieau, R, 





Name Index 


Lecture experiments. R.~ - - ‘ 
Change of sulfur during heating. R. - 


Determination of sulfuric acid in the presence of 
iron. R. - - 
Reply to the objections of A. A. Noy es. R. - 
Validity of the law of dilution. R. - 
The heat of solution. Last word in aopty to Mr. 
Noyes. R. - - 
Determining molecular weights by the boiling- 
point method. R. - - - 
The Jacques carbon battery. R. - - 
Preparation of glucinum by electrolysis. R. 


Titration of persulfates. R. - - - 
Electrical resistance of steel. R. - - 
Influence of tempering on the resistance of steel. 


Limits of inflammability of carbon monoxid. R. 
Limits of inflammability of vapors. R. - 
Limits of inflammability of gaseous mixtures. R. 


The radiation of incandescent mantles. R. - 
Mixtures of gases. R. - 
Composition of air in different places. R. - 
Specific heat of air at constant pressure. R. 
On the ratio of the two specific heats of gases and 
its variation with the — R. - 
On mixtures of gases. R. - - 
Experiments on gases. R. - - 
Molecular volumes and densities of gases. R. 
The alleged dissociation of chlorin. R. - 
Densities, etc. R. - 
Atomic wang of nitrogen, chiorin, and silver. 


Isothermal ond adiabatic transformetion of seal 
gases. R. - - - - 
Densities of some gases. R. - - - 


Compressibility of gases. R. - - - 


Critical constants of some gases. R. - 
Conductivity of potassium permanganate solu- 
tions. - - - - - - 
Dissociation of water. R. - - 
Conduction of electricity through thin films of 
dielectric substances. R. - - - 


See Gin and Leleux. R. - - 181, 


Reversible transformation of styrene into meta- 
styrene. R. - - - - - 
Studies of salt solutions: lithium chlorid. R. 
Action of some gases and metals on the photo- 
graphic plate. R. - - 
Electrical resistance of cry stallized silicon. R. 
Boiling-point determinations of some salts in ethe- 
real solutions. R. - - - - 
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185 


115 


185 
179 


188 
187 


DA 


123 
185 


117 





Lewis, G. N. 
Liebenow, C. 
Lincoln, A. T. 
Lincoln, A. T. 


Linebarger, C. E. 
Linebarger, C. E. 


Liveing, G. D. 
Lob, W. 
Locke, J., and 

G. H. Edwards 
Loevenhart, A. S. 
Loew, Oscar 
Lohse, O. 


Lorenz, R. 
Lorentz, H. A. 
Louguinine, W. 
Lunge, G.. 


Lungo, C del 

Lungo, C. del 

Lumiére Bros., and 
Seyewetz 


Lussana, S. 
Luther, R. 
Luther, R. 


Luther, R. 


MacGregor, F. G., and 
E. H. Dalhousie 


Mack, E. 
Mallet, J. W. 
Marchis, L. 


Margules, M. 


Matthias, E. 
McKenna, C. F. 
Méker, G. 


Menke, A. E. 
Merigold, B.S 
Merrill, J. F. 


Metzner, R. 
Metzner, R. 
Metzner, R. 


Meyer, G. 
Meyer, G. 


Name Index 


See Richards and Lewis. R. - - 
Constitution of mercury. R. - - - 
See Kahlenberg and Lincoln. - - 
The electrical conductivity of non-aqueous solu- 
tions. - - - - 
A simple volumenometer. R. - - 
Surface tensions of solutions of athstine chlorids. 
On the flame-s ectrum of mercury. R. - 
Electrolytic reduction of nitrobenzene. R. - 


An isomer of potassium ferrocyanid. R. - 

See Kastle and Loevenhart. R. - - 

Correction. - - - - 

Inv ee of the violet part aaa some metallic 
tra. R. 

On the change of the free energy in some . molten 
halid compounds. R.-~ - ° 
Influence of foreign substances on the inversion 

temperature. R. - - - 
The latent heats of vaporization of some liquids. 
R = x 


Determination of sulfuric acid in poesenes of 

iron. R. - - 
Densities of liquids and saturated vapors. R. 
On the note of Boggio-Lera. R.~ - . 


Action of ammonium persulfate on the silver of a 
photographic negative. R. - - - 

On the specific heats of gases. R. - - 

Electrodes of the third class. - - - 

Dissociation of water into oxy gen and hydrogen. 
R. ‘ 

Electromotive force and distribution equilibrium. 


The conductivity method a studying double 
salts. R. - - 
Melting-points under high pressures. R. - 

Claims of davyum as a chemical element. R. 
The permanent modifications of glass and the 
displacement of the zero in thermometers. R. 
Addition to the article : Dissolving pistionm and 
gold in electrolytes. R. - 
Thesmat properties of saturated fluids. . - 
Apparatus for determination of ==: ood R. 
Preparation of ammonium and potassium bromo- 
platinates. R. - - - - 
The specific gravity of cesium. R. - - 

See Richards and Merigold. R. - - 
Influence of the surrounding dielectric on the 
conductivity of copper R - - 
The atomic weight of teliurium. R. - - 

On selenate of copper. RR. - - - 
On some compounds of octentam ond tellurium. 
Surface-tension of mercury in gases. _ = 
On the surface-tension of mercury. R. - - 
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Meyer, G. 


Meyer, G. 


Meyer, G. 


Mever, St. 


Meyerhoffer, W. 
Meyerhoffer, W., and 
A. P. Saunders 





W. 


Name Index 


Surface-tension of amalgams and electrocapillary 
phenomena. R. - - . 

On flowing electrodes. R. - - - 

Determination of low temperatures. R. - 

See Jager and Meyer. R. - - - 

See van ’t Hoff and Meyerhoffer. R. - 179, 


A new fixed point for thermometers. Normal 
room temperatures. R. - 


Mohr, E. C. J. Equilibrium of water, ammonium chlorid, ferric 
chlorid. R. 
Moissan, H. Formation of the carbids of ‘the alkalies of the 
alkaline earths, and of magnesium. R. - 
Moissan, H. Acetylene and the metal ammoniums. R. - 
Moissan, H. The color of calcium carbid. R. - - - 
Moissan, H. Properties of calcium. R.-~ - - - 
Moissan, H. Preparation of crystallized calcium. R. - - 
Moissan, H. Preparation of lithium ammonium, etc. R. 


Moissan, H.,and J. Dewar Liquefaction of fluorin. R. - - - 


Moissan, 


H. 


,and 
H. Deslandres 


Spectrum investigations of air. R. 


Moitessier, J. 
salts. 
Moitessier, J. 
nitrates. R. 
Moitessier, J. 
drazin. R. - 
Mond, L., W. Ramsay, 
and J. Shields 
dium. R. - 
Mond, L., W. Ramsay, 
and J. Shields 
black. R. - 
Monnet, E. 
Monsacchi, U. 
Morse, H. N., and 
H. B. Arbuckle 
Morse, H. B., and 
H. B. Arbuckle 
Mourelo, G. R. 


Muller, P. T. 


The atomic weight of cadmium. 


The atomic weight of zinc. 
Phosphorescent mixtures with strontium sulfid. 


Complete calorimetric study of a salt. 
See Schiff and Monsacchi. 


R. 


On the velocity of reversible reactions. 


Compounds of pony thydrnsin with mineral 
Compounds of phenylhydrazin with metallic 


Compounds of metallic acetates with phenylhy- 


Occlusion of hydrogen and oxygen by palla- 


Occlusion of oxygen and aydioegen by platinam- 


Murrill, P. See Kastle, Murrill and Frazer. R. 
Muthmann, W., and 
H. Rolig Solubility of cerium sulfate in water. + 


Naber, H. A. Hydrogen voltameter. R. 


Naccari, A. 
Naccari, A. 
cyanid membranes. 
Natanson, L. 
tentials. R. - 
Natanson, L. 
Neovius, O. 


Nernst, W., and E. Bose Contribution to the osmotic theory. 
Polarization capacity of reversible electrodes. 
See Heycock and Neville. 
On the density of ice. R. 
The thermody ‘namical ex 
of solution and of “hi 
lytes. R. - - 


Neumann, Elsa 
Neville, F. H. 
Nichols, E. I 
Noyes, A, A. 


Alterations of state in a moving system. 
Unknown substance in the atmosphere. 


Passage of a current through liquid dielectric s. R. 
The passage of solutes through copper ferro- 
R. 
Thermokinetic properties of thermodynamic po- 


ressions for the heats 
ssociation for electro- 
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114 
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118 
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567 
514 
116 
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Name Index 
Noyes, A. A Kinetic theory of solutions. R. - - - 
Noyes, A.A The reliability of the dissociation-values deter- 
mined by electrical conductivity measure- 
ments. R. - 
Noyes, A. A. Solubility effects of electrolytes with different 
ions. R. - - 
Noyes, A. A. Osmotic work and osmotic | pressure. m. 
Noyes, A. A., and 
E. S. Chapin Solubility of acids in solutions of the salts of 
other acids. R. - - - 


Noyes, A. A., and 
G. T. Cottle Velocity of reaction between silver acetate and 
sodium formate. R. - - ° 
Noyes, A. A., and 


J. Seidensticker The solubility of iodin in solutions of potassium 
iodid. R. - - : - 
Noyes, A.-A., and 
D. Schwartz The solubility of salts of weak acids in stronger 
acids. R. - - - - 
Oberbeck, A. A new form of volumenometer. R. - - 
Oettel, F. Electrolysis of calcium chlorid solutions. R. 
Ogg, A, Chemical a between amalgams and 
solutions. R. - - - - 
O'Neal, E. A. See Howe and 0’ Neal. R. - - 
Oppenheimer, S. Electromagnetic rotation in salt solutions R. - 
Osmond, F. Structure of alloys of iron and nickel. R. - 
Otto, M. Experiments on ozone. R. - 
Palmer, A. deF., Jr. Apparatus for measuring very high pressures. R. 
Parsons, C. L. The LeSueur process for production of sodium hy- 
droxid and chlorine. R. - - 
Paschen, F. See Runge and Paschen. R. - - - 
Pastureau Compounds of phenylhydrazin with salts. R. 
Patterson, G. W., Jr., and 
K. E. Guthe New determination of the electrochemical equiva- 
lent of silver. R. - - - - 
Pauli, H. Electrolysis of the alkaline bromids and fluorids. 
Paweck, H. Two electrolytic methods of determining zinc. R. 
Pélabon, H. Action of hydrogen on silver sulfid. R. - - 
Pélabon, H. Dissociation of selenium hydrid. R. - 
Pélabon, H. On the dissociation of selenium hydrid. R. - 
Pellat, H. Vaporization of iron at ordinary temperatures. R. 
Pellat, H. Variation of energy in isothermal changes. R. - 
Pellat, H., and 
P. Sacerdote Dielectric constants and temperature. R. - 
Perman, E. P. Rate of escape of ammonia from aqueous solu- 
tions. R. . - - - 


Pérot, A.,and C. Fabry Absolute electrometer for small differences of 
potential. R. - - - - 


Pérot, A. See Fabry and Pérot. R. - - - 
Perrot, L. Thermoelectric forces in bismuth. R. - 
Personne de Sennevoy, R. Hermetical pourer. R. - - 
Peters, F. Purification and decolorizing of sugar solutions. 
R. ‘ z 7 ° a 
Petersen, E. Some forms of galvanic cells. R. - - 
Pettit, J. H. Minimum boiling-points and vapor composition. 
Pfaundler, L. The Andrews method of estimating specific heats. 
Phinney, J. I. See Jackson and Phinney. R. : - 
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Pizzarello, A. 


Platner, G. 
Ponsot, A. 


Ponsot, A. 
Pope, W. J. 
Price, T. S 


Przibylla, C 
Ramsay, W. 
Ramsay, W. 
Ramsay, W., and 
M. W. Travers 
Ramsay. W., and 
M. W. Travers 
Ramsay, W., and 
M. W. Travers 


Ramsay, W., and 
M. W. Travers 
Ramsay, W., and 
M. W. Travers 
Ramsay, W., and 
M. W. Travers 
Raoult, F. M. 
Raoult, F. M. 

Raveau, C. 


Ray, L. 
Rayleigh, Lord 
Rayleigh, Lord 
Reid, E. E. 


Name Index 


Piezometer for componaing and sosiching liq- 


uids. R. - 
Hydrolytic and electroly tic dissociation. R. 
Osmotic experiments on very dilute solutions of 


cane sugar. R. - - 
Study of equilibria by the osmotic ‘method. R. 
See Kipping and Pope. R. 
Reaction between potassium persulfate one potas- 

sium iodid. R. - 
Triple nitrates of some metals. R. . - 
Helium. R. - - - - - 
See Mond, Ramsay and Shields. R. - 


Substances associated with argon. R. - - 
New gases in the atmospheric air. R. - 


Refraction of air, oxygen, nitrogen, argon, hydro- 
gen, and helium. R. - - - 


The homogeneity of helium. R. - - 
On a new constituent of atmospheric air. RR. - 


Fergusonite, an endothermal mineral. R. - 
Effect of supercooling on the freezing-points. R. 
Accurate determinations of freezing-points. R. - 
Law of corresponding states and characteristic 
equation. R. - - - . 
See Sanford and Ray. R. - : - 
Electrochemical equivalent of silver. R. - 
Liquid air at one operation. R- - - - 
See Remsen and Reid. R. - - 


Remsen, I. and E. E. Reid On the hydrolysis of acid amids. R. - - 


Reuter, M. 
Reychler, A. 
Reychler, A. 
Richards, T. W. 
Richards, T. W. 
Richards, T. W. 


Richards, T. W. 
Richards, T. W. 


Richards, T. W., and 
G. P. Baxter 

Richards, T. W., and 
J. B. Churchill 

Richards, T. W., and 
J. B. Churchill 


Richards, T. W., and 
A. S. Cushman 

Richards, T. W., and 
H. B. Faber 

Richards, T. W., and 
W. L. Harrington 


See Treadwell and Reuter. R. - - 

See Goldschmidt and Reychler. R. - - 

Osmotic pressure and cryoscopy. R. - 

Rate of dehydration of crystallized salts. R. - 

Spectra of hydrogen. R. - 

Transition temperature of sodic sulfate, a fixed 
point in thermometry. R. : 

The retention and release of gases occluded by 
the oxids of metals. R. - - 

A gas generator and device for dissolving solids, 
R. 


Atomic weight of cobalt, II]. R. - - 
Transition temperature of sodium sulfate. R. - 


Transition temperature as fixed points in ther- 
mometry. R. - - - . 


Atomic weight of nickel, II. R. - - 
Solubility of argentic bromid and chlorid. R. 


The boiling-points of mixed solutions, I. R. — - 
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Richards, T. W., and 
G. N. Lewis 


Richards, T. W., and 
B.S. Merigold 


Riecke, E. 
Rivals, P. 
Rivals, P. 
Rohde, A. 
Rohland, P. 
Rohland, P. 
Rohland, P. 
Rélig, H. 

Rontgen, W. C. 
Rosenheim, O., and 
P. Schidrowitz 
Rosenheim, O., and 
P. Schidrowitz 

Rothmund, V. 
Rubens, H., and 
E. Aschkinass 


Runge, C., and F. Paschen Serial spectra of oxygen, sulfur, and selenium. R. 


Name Index 
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Some electrochemical and thermochemical rela- 
tions of zinc and cadmium amalgams. R. - 


Cuprosammonium bromids and the cuprammo- 


nium sulfocyanates. 


R. 


Reaction pressure of cathode rays. R. - 
See Baubigny and Rivals. 
Electrolytic conductivity of trichloracetic acid. R. 
Electrolytic reduction of 7#-nitrotoluene. RR. - 
Behavior of some salts of chlorplatinic acid. R. 

Solution pressures of some halid salts. R. - 
Some reactions in methyl alcohol and acetone. R. 
See Muthmann and RoOlig. 


On a new kind of rays. 


R. 


R. 


- - 121, 


R. - - 


The rotary power of gallotannic acid. R. - 


Optical activity of gallotannic acid. R. - - 
The mutual solubility of liquids. R. 


On the permeability of some liquids of heat rays. 
R 
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Schiff, U., and 
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ium. R. - 


On the constitution of the red spectrum of argon. 


Triplets in the line spectrum of copper. R. 


The new series in the spectrum of hydrogen. R. 
The law of mixtures of gases. R. - . 


See Pellat and Sacerdote. 
See Leduc and Sacerdote. 


R. 


R. - - 114, 
Addition to the paper: On the residual current 
observed with polarized electrodes. R. - 


anford, F., and L. Ray Change in weight in chemical reactions. R. 


See Meyerhoffer and Saunders. R. - - 
On the demonstration of the phase rule. — - 

On the theorems of Robin and Moutier. - - 
On the stability of equilibrium of a one-compo- 


nent system. - 


A demonstration of the phase rule. - - 
demonstration of two theorems of electro- 


A 


statics. - - 


On Maxwell's theorem. 
Schall, C., and S. Kraszler Electrolytic SS of dithiodisulfids. R. 


Electrolytic 


ormation of nitrobenzene. R. - 


Electrical conductivity of dilute solutions at tem- 


Concentration cells with indi 


peratures up to 100°. 
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fferent electrodes. - 


Experiments on crystalline liquids. R. - 
See Rosenheim and Schidrowitz. R. — - - 
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Osmotic pressure in the thermodynamics of solu- 


The oxidation of } 


tion. R. - 
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Sevewetz. 
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Sperber, J. 
Speyers, C. L. 
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Stark, J 
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Steger, A. 


Steger, A. 
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Name Index 


See Wiedemann and Schmidt. R. - 65, 188, 


The radiations of thorium and its compounds. R. 
On photoelectric currents. R.— - - - 
Amalgams of the alkalies. R. - - 
Electrolysis of mixtures. R. - - - 
The absolute temperature. R. : 
Experimental contribution to the theory of os- 
motic pressure. R. — - - - - 


. Equilibria in water, ether, and ethylene cyanid. 


. Equilibria in water, benzoic acid, and ethylene 


acid. R. - - - - 


. Equilibria in systems of three components with 


two liquid’ phases, I., II. R. - - 


. Equilibria in water, alcohol, and ethylene cyanid. 


. Equilibria in three-component systems, III. R. 


See Kahlenberg and Schreiner. R. - 
Estimation of the thermal conductivity of solids. 
Iron and the law of Wiedemann and Franz. R. 
See Noyes and Schwartz. R. - - - 
See Elbs and Schwarz. R. - - - 
Studies on polarization capacity. R. - - 
See Noyes and Seidensticker. R. - - 
Determination of diffusion coefficients by an elec- 
trolytic method. R. - - - - 
See Lumiére Bros. and Seyewetz. R. - 


The electromagnetic effect of electrolytic current. 
See Mond, Ramsay and Shields. R. - - 
Rate of hydrolysis of maltose. R. - - 
Double halides of tin with aniline and with 
toluidines. R. - : - - 
Successive dissociations of dibasic organic acids. 
Qui untitative elec trolytic method for the separation 
of the halogens. R. - - 
Photochemical action of turpentine. R. - 
Molecular weights of liquids, II. R. - - 
The absence of color in certain peed, natural 
waters. R. - - 
On the realization of an optically empty liquid. R. 
On the single cause of the blue color of water. 
R. - - - - - - 
On heats of solution and dilution, R. - 
Deduction of the constants of the law of Dulong 
and Petit. R. - - - - - 
The kinetic theory of polyatomic gases. R. 

On the spreading out of liquids. R. - 
Regnault’s calorie and the apeciie volumes of 
steam. R. - - - 
Rates of substitution in ortho- and paradinitro- 

benzene. R. - - - - 
See Lobry de Bruyn and Steger. R. 
Dispersion of electrically ylowi ng platinum and 
palladium wire. R. - - - - 
Surface-tension of mercury. R. - - 
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Swan, J. N. 
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Tammann, G. 
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Tammann, G. 
Tanatar, S. and 
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Tanatar, S. 
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Thayer, E. F. 
Thiel, A. 
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Thomson, J. J. 
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Trevor, J. 
Trevor, J. 
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Illumination sppenine for monochromatic light. 
R. ‘ . ‘ ‘ 
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oxvgen. R. - - 
Some double halids of 1 mercury. R. - ° 
Limits of the solid state, I]. R. - - 
Viscosity of supercooled liquids. R. - - 
See Bogojawlensky and Tammann. R. - 
Kister’s comments on the rate of crystallization. 


On the vapor-pressure of crystallized hydrates. R. 


Formation of salts in alcoholic solution. R. - 
Perborates and their constitution. R. - 
The freezing-point of solutions of sodium melli- 
tate. R. - - - - - 
Boiling-point curves. - - - 
See Kuster and Thiel. R. - - - 
On the law of spectral series. R. - - 
Atomic mass of tungsten and preparation of 
sodium pertungstate. R - - - 
See De Forerand and Thomas. R. - - 
Interchange of halogens in the aromatic series. 
Action of ferric chlorid on aromatic compounds, 


On some halid saltsof lead. R. - - 420, 

See Goodwin and Thompson. R. 

Separation of helium with evolution of light and 
heat. R. - - 

Chemical composition of a gas and Reaigen ray 
ionization. - - 

On the charge of electric ity carried by the ions 
produced by Rontgen rays R. - 

Combination of organic bases with different 
salts. R. - - 

Extension of the laws of gases to liquids. R. - 


See Remsen and Travers. R. 174, 411, 519, 559, 5 


Correction. R. - - - - 


Solubility of the bicarbonates of calcium and 
magnesium, R. - - . 

Notes on the energy theory. 

The electromotive forces of conce ntrs ation cells. 

Therinal coefficients. - - - - 

On thermal and dynamic coefficients. 

Boiling-point of liquid ozone. R - - 

Influence of time in the electrolysis of copper 
sulfate. R. - - - - 

On a new form of capillary electromoter. R.— - 

On the atomic weight of nitrogen: R. - 

See Berthelot and Vieille. R. - - - 

Absorption of liquids by textile stuffs. R. - 

A point in the theory of dyeing. R. - - 

Absorption of liquids by textile stuffs. R. - 

On a property of fluorescent screens. R. - 

Crookes tube with an osmotic diaphragm. R. 

Transparency of bismuth in a magnetic field. R. 
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Young, S 
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: Index 


Freezing-points of palmitic and stearic acids, and 


of their mixtures. 


R. 


The electrolytic reduction of potassium chlorate. 
capillary 


Surface 
tubes. R. 


On mixtures of gases. 


R. 


tension of water in narrow 


Freezing-point in ternary mixtures. 


Reversible reactions. 
Platinum thermometry. 


manganate and hydrochloric acid. 


R. 
Catalysis in the reaction between potassium per- 


R. 


The volumetric measurements of liquids. 
R. 


Unpolarized electrodes and alternating currents. 
R. 


R. 


On the theory of capillary cent phenome na. 


Some non-rev ersible processes. 


Use of vacuum for preventing loss of heat. 


gas flame. 


R. 


R. 


Thermodynamics of phosphorescence. 
See Gumlich and Wiebe. R. 


On irreversible processes, II., 


Il. 
The question of the absolute temperature. 
A physical principle of development. 


On the colored alkaline halids. 


Note on paper by H. Kauffman. 


R. 


R. 


R. 


R. 


R. 


Electrolytic conduction in rarefied gases. 
Atomic weight of tellurium. 
Atomic weights of argon and helium. 
Tellurium and iodin in the periodic system. R. 
Dalton’s law in solutions. 
Experimental verification of van ‘t Hoff's 


stant. 


See van 't Hoff and W iitieme. 


See Walker and Wood. 


See Jackson and Young. 


Constants of normal heptane. 
On soluble gold. 


R. 


R. 


R. 


R. 


R. 


R. 
On the velocity of solidification. 

Atomic weights of nickel and cobalt. 
Electrolysis of the alkali chlorids. 
Electrolysis of the alkali chlorids. 


R. 


R. 


R. 
R. 


R. 


R. 


R. 
Rotation dispersion of tartaric acid and of tur- 
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Conducting power of the burnt protects of the 
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Arrhenius. 
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Briicke, Ernst van 
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Deventer, Ch. van 
Duhem, P. 
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Fuhrmann, Arwed 
Gay-Lussac, Joule, and 
Joule and Thomson 
Gerland, E. and 
F. Traumiiller 


Goodwin, H. M. 


Graetz, L. 

Graham-Otto 

Heger, Richard 
Hodgson, Shadworth H. 
Hoff, J. H. van’t 

Hoff, J. H. van’t 


Hoff, van ’t 
Holborn, L. 
Huntington, Harwood 
Huntington, Harwood 
Jaubert, G. F. 
Joule 
Kirchhoff, G. 
Kirchhoff, G. 
Kohlrausch. F. and 
L. Holborn 
Lachman, Arthur 
Landolt, Herausgegeben 
von H. 


NAME INDEX 


to New Books 


Commercial Organic Analysis, = - - - 
publié par le Bureau des Longitudes, - 
See Pfeffer, van ’t Hoff, Arrhenius, and Raoult, - 
Neue gasometrische Methoden und Agena, 
Vorlesungen iiber Gastheorie, - - 
See Nernst and Borchers, - - 
Pflanzenphysiologische Abhandlungen, - - 
A Treatise on the Kinetic Theory of Gases, 

A History of Physics in its Elementary Branches, 
Including the Evolution of Physical Labora- 
tories, - - - : - 

Introduction to Algebra, - - 

Ueber die bewegende Kraft der Warme, und die 
Gesetze welche sich daraus fiir die Warme- 


lehre selbst ableiten lassen, - - - 
The Newer Remedies, - - - 
Physical Chemistry for Beginners, - - 
Traité elémentaire de Mécanique chimique, 

fondée sur la Thermodynamique, - 


See Wiedemann and Ebert, - - - 
Drei Abhandlungen tiber Rartengecjection, 

Les Recettes du Distillateur, - - 
Prismatic and Diffraction Spectra, - - 
Anwendungen der Infinitesimalrechnung, - 


The Free Expansion of Gases, - . 


Geschichte der physikelischen Euporimentior- 


kunst. 

The Fundamental Laue of Electroly tic Conduc- 
tion, - - - - 
Kurzer Abriss der Elektricitat, - - - 

Ausfiihrliches Lehrbuch der Chemie, - 
Die Erhaltung der Arbeit, - - - 


The Metaphysic of Experience, - 
Lectures on Theoretical and Physical Chemistry, 
Vorlesungen iiber theoretische und physikalische 
Chemie, - 
See Pfeffer, van 't Hoff, Arrhenius, and Raoult, 
See Kohlrausch and Holborn, - - 
The Year-Book for Colorists and Dyers, - 
Some Notes on Chemical urisprudence, - 
L’Industrie du Goudron de Houille, - - 
See Gay-Lussac, Joule and Thomson, - 
Abhandlungen iiber Emission und Absorption, - 
Abhandlungen iiber Mechanische Warmetheorie, 


Das Leitvermoégen der Electrolyte, - - 
The Spirit of Organic Chemistry, - - 


Graham-Otto’s ausfiihrliches Lehrbuch der 
Chemie, - - - - - 
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Mitscherlich, Eilhard 


Mitscherlich, Eilhard 
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Morgan, Augustus De 
Miiller-Pouillet 
Muter, John 

Nernst, Walther 


Nernst, W., and 
W. Borchers 
Nernst, W., and 
A. Schonflies 


Newth, G. S. 
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Ostwald, W 

Ostwald, W 

Pfaundler, L., and 
O. Lummer 


Pfeffer, van 't Hoff, 


Arrhenius, and Raoult 


Physikalische Gesell 
schaft zu Berlin 
Poincaré, H. 


Poynting, J. H., and 
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Raoult, 

Revchler, A. 

Riban, J. 


Rontgen, Stokes, and 
J. J. Thomson 
Rosenberger, F. 


Rudolphi, Max 
Schnabel, Carl 
Schonflies, A 
Schubert, Hermann 
Stokes, 


Thompson, Silvanus P. 


Thomson, 
Thomson, J. J. 


New Books 


Electrolysis and Electrosynthesis of Organic 
Compounds, : - . - 
See Pfaundler and Lummer, - 

Aufgaben tiber Warme : einschliesslich der me- 

chanischen Warmetheorie und die kinet- 
ischen Theorie der Gase, - 

Les Modifications permanentes du Ve erre, - 
Ueber Physikalische Kraftlinien, - - 
Analyses électroiy tiques - - 
Ueber das Verhaltniss zwischen der chemischen 

‘Zusammensetzung und der Krystallform ar- 

seniksaurer und phosphorsaurer Salze, - 
Ueber das Benzin and die Verbindungendes- 

selben, - - - - 
The Elements of Phy sical Chemistry, - - 
On the Study and Difficulties of Mathematics, 

Lehrbuch der Physik und Meteorologie, —- 

A Short Manual of Analytical Chemistry, - 
Theoretische Chemie vom Standpunkte der 

Avogadro’schen Regel und der Thermo- 
dynamik, - - - - 


Jahrbuch der Elektrochemie, - - - 


Einfiihrung in die mathematische Behandlung 
der Naturwissenschaften, - - 

A Textbook of Inorganic Chemistry, - - 

Optik; oder Abhandlung tber Spiegelungen, 
Brechungen, Beugungen und Farben des 
Lichts (two volumes), - - - 

Grundriss der allgemeinen Chemie, - 

Lehrbuch der allgemeinen Chemie, - - 


Miiller-Pouillet’s Lehrbuch der Physik und 
Metevrologie, : - . 


The Modern Theory of Solution, - - 


Die Fortschritte der Physik, - - 
La Théorie de Maxwell et les Oscillations Hertz- 
iennes, - - - - . 


A Textbook of Physics, Sound, - 

See Pfeffer, van ’t Hoff, Arrhenius, and Raoult, 

Outline of Physical Chemistry, — - - - 

Traité d’Analyse chimique quantitative par 
l’Electrolyse, - - - - 


Rontgen Rays, - - - - - 
Die moderne Entwicklung der electrischen Prin- 
cipien, - - 
Allgemeine und phy sikalische Chemie, - - 

Handbook of Metallurgy, - - - 

See Nernst and Schénflies, . - - 
Mathematical Essays and Recreations, - 

See ROntgen, Stokes and Thomson, - : 
Michael Faraday, His Life and Work, - 
See Gay-Lussac, Joule and Thomson, - 

See Poynting and Thomson, - - 
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Wiedemann, E., and 
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See ROntgen, Stokes and Thomson, - 
The Discharge of Electricity Through Gases, 
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See Gerland and Traumiiller, - - 


Inorganic Chemistry, according to the Periodic 
Law, - - 

Die fundamentalen phy sikalischen Eige ¢nschaften 
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Zustandes. - - - - 
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SUBJECT INDEX 


Exclusive of New Books 


Abegg on freezing-point determinations, R. 
Absolute tenrperature, R. - - 
Absorption, R. . 


of liquids by textile stuffs, R R. 


of oxygen by pyrogallate of potassium, R. 


of potassium halids by plants, R. 


of salts by plants, R. 


of short electrical waves by water, R. 


of ultra red rays in double’ ang crystals, R. 
Accumulator, a new, RR. - - 
factories, lead sulfate and lead residues i in, 


lead contribution to the theory, R. 
Acetate of silver and sodium formate, reaction velocity, 


R. 


R. 


Acetates, metallic, compounds with phenylhydrazin, R. 
Acetic acid and pyridin, distillation of, R. 


Acetone and methyl alcohol, seactions in, 


and formic acids, 
with, R. - 


Acetylene, explosive properties of, R. 
hydrate of, and some other gases, R. 


action on metal ammoniums, R. 


Acid amids, hydrolysis of, R. 


chlorids, volatility of, R. 


R. 


a variations of ow of the normal. R. 


nitric, action on metals, 
sulfuric, action on met — R. 


sulfuric, determinations in the presence of ir iron, R. 
Acids, decomposition of sulphonic ethers, R. 


dibasic, organic, successive dissociation, 


nitrobenzoic studies on, R, 


oxygen, combination of organic basis with salts of, R. 
solubility in solution of salts of other acids, 


solubility of weak in stronger, R. 


acetic and formic combinations of pyridin 


with, R. - - 


causes of reciprocal displacement of two, R. 


Action at a distance, R - 


of nitric acid on tin, R.  - 


Activity, optical of gallotannic acid, R. 


Adiabatic and isothermal transformations of real gases, 
Agar and water, diffusion of gases through, R 


R. 


Air and vacuum, comparative color of iodin in, R. 
atmospheric, new constituent of, R. 


atmospheric, gases in, R. 


catalysis with, in oxidation of sodium sulfite, 


coefficient of viscosity, R. 


composition of indifferent places, R. 


compressibility of, as gas mixture, R. 


liquid, at one operation, R. 
refraction of, R. . 


spectrum investigations in, R. 


volatility of OsO, in, R. 


and trimethyl 


aeemereneees of pyridin ane trimethylamin 
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Sulject Index 


Alcohol and water, velocity of sugar inversion in, R. - . 


aqueous, reaction velocities in, R. ° . . 
dissociation of water, in water and, R. - - - 
water, ethylene cyanid: equilibria in system, R. - - 


Alcoholic solution, formation of salts in, R. - - 


Aldehyde, ammonia, R. m 


Alkali chlorids, electrolysis of, R. - 


formic, oxidation of, by hydrogen peroxide, R. - - 


Alkaline bromids and fluorids, electroly sis of, R. - 


Alkalies and salts, taste of, R. 2 a ‘ 


-- and chlorids, separation and distillation of bromin, R. 
chlorids, surface tensions of aqueous solutions, R. - - 
earths, carbids of, R. - - 


halids, action of calcium sulfate on, R. - - - 
— colored, R. . - - 
— action of calcium oulfate on, R. - - 

solutions, volumetric analysis with a ferrous salt, R. - 


amalgams of, theory of formation, R. - - : 
carbids of, R. - . 


Alloy aluminum and antimony, melting- -point of, R. - - 


Alloy s, 


eutectic, constitution of, R. - - - 
of iron and nickel, structure of, R. - - 
metallic, contributions to our — of. R. - - 
ROntgen ray photography applied to, R. — - : - 
ternary, constitution of, R. - - - - - 


Alternating currents and unpolarized electrodes, R. . - 


Alternations of state in a moving system, R. - - 


to direct currents by aluminum, R. - : - 


Aluminum, changing of alternating into direct currents, R. — - - 


Alums by electrolysis, R. - - - - 


and antimony, melting-point of alloy, AlSb, R. - - 
propertiesof,R. - ‘ . 
tellurium, selenium, spectra of, R. - - - 


Amalgam, calcium, R. - 


Amalgams in electrolytes, surface- tension and electroc apillary pm nomena, 
R. 


Amids, 


Ammeter, thermal mercury, R. - ° ‘ « 


electromotive force between ; correction. Wilder D. Bancroft, 


of the alkalies, theory ot formation, R. - - 
and solutions, equilibrium between, R. - - 
contributions to knowledge of, R. - 

zine and cadmium, electro- and thermochemical relations, R 
acid, hydrolysis of, R. - - - - 
of lithium, calcium, ete. and lithium ammonium, etc., R. 


Ammonia and ammonium nitrate, equilibria between, R. - - 


Ammoniacal silver bromids, R. - - 
Ammonia-nitrate action of acetylene on, R. - - 


compound of ammonium nitrate with, R. - - 
expansion of solution of salts of, R. . - . 
liquid, specific heat of, R. ° - - - 
liquid as a solvent, R. - - - - 

— properties of, R. - - - - 

— molecular rise in, R. - 

— dielectric constant and electrical conductivity of, R. + 
methylamin, ete., compounds with lithium chlorid, R. — - 
rate of escape for aqueous solutions, R. - - - 


Ammonium, and potassium bromoplatinates, preparation of, R. — - 


chlorid, water, ferric chlorid, equilibrium for, R. - - 
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Ammonium nitrate and ammonia, equilibria between, R.  - - - 

— nitrate with ammonia, compound of, R. - - - 

_ —  deliquesence of. F. L. Kortright, - - - 

persulfate on the silver of a photographic negative, R. - 
Analysis of oxygen in mixtures by chromous salts, R. - - 

— spectrum of non-conducting minerals with melted salts, — 

— volumetric of mixtures of phosphoric acid and its esters, *R. - 
Andrews’s method for specific heat of a liquid, R : 

_ of measuring the specific heat of a liquid, error in, R. - 
Anhydrous liquid ammonia, specific heat of, R. - - - 
Aniline, double halid with tin, R. - - - - - : 

— — __halids with zinc, R. - - - 
Antimony and aluminum, melting- -point of alloy, AlSb, R. - - 
Apparatus called a hermetical pourer, R. - - - ‘ 

— for high pressures, R. - - - - 

— for monochromatic light with fixed slits, R _ » - - 

— for the determination of volume, R. - - - - 
Aquecns solutions, rate of escape of ammonia, R. - - - 

_ of two salts with a common ion, R. - . 

- _ of soaps, RR. - - - - - - 

— — application of freezing-points to, R. - - - 

— solution, constitution of lead salts in, R. - - - 
Arc, electrolytic, applications of, R. - - - - - 
Argentic bromid and chlorid, solubility in solutions of sodic thiosulfate, R. 
Argon and helium, atomic weights of, R. - - - - 

— constitution of red spectrum, R. - : - - - 

— helium, and crypton in the periodic system, R. - - 

— refraction of, R. - - - - - - - 

— substances associated with, R. - - - - - 
Aromatic compounds, action of ferric chlorid on, R. ; - - 

— series, interchange of halogensin, R. - - 
Asparagins, dextro-rotary and laevo-rotary cry stallographic identity ye, R. 
Atmospheric air, gases in, R. - - - 

— pressure, color of iodin vapor in air and vacuum, R. - - 

_ _ compressibility of gases under, R. - - - 
Atmosphere, probable unknown substance in, R. - - - 
Atomic mass of tungsten, sodium pertungstate by the electric current, R. 

— volumeas a periodic function, R. — - - - - - 

— weights of argon and helium, R. - - - - 

-- -- of cadmium, R. - - - - - - 

— a= of cobalt, revision of, R. - - - - 

— — of neodidymium, R. - - - - - 

— — of nickel, revision of, R. - - - - 

~ 7 of nickel and cobalt, R. - - - . - 

a -- of nitrogen, R. - - - - - 

aoe -- of nitrogen, chlorin and silver, R. - - : 

“= — _ of praseodidymium, R. - - - - - 

oe of praseodidymium and neodidymium, R, - - 

~ —- of tellurium, R. - - °- - - 

of zinc, R. - - - - - - - 
Azo and hy ydrazo substances, electrolytic reduction of nitro-compounds. R. 


Barium chlorid solutions, temperature of maximum density, R. - 

— dissociation of the carbids of, R. - - - : - 
Barometer, standard, improvement in, R. - - - - 
Bases, organic with different salts of ae acids, R. - - - 
Battery, Jacques carbon, R. - 

Benzene and normal hexane, specific gravities and boiling. points of, R. - 
Benzoic acid, water, ethy lene cyanid ; equilibria in system, R. - 
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Bicarbonate of calcium and magnesium, solubility of, R. - - - 
Binary systems, pressure, temperature diagram for, bas ilder D. Bancroft, 

— electrolyte, Hall effect, R. - - - : 
Bismuth, crystallized, thermoelectric forces in, R. - - - 

— tin, lead, equilibrium for, R. - . - - 

— transparency of, ina manguetic field, R. - - - 
Bisulfid, silver, R. - - - 
Boiling-point and specific gravities of mixtures of benzene and normal 

hexane, RR. - - - - - - - 

— — curves, E. F. Thayer, - - - - - 
— J. K. Haywood, - - - - - 

* — — of liquid ozone, R. - - - - - - 

— — of mixed solutions, R. - - - - - 

— — of salts in ethereal solutions, R. - : 

— — method for molecular weights, new procedure, R. - 

— — molecular rise in liquid ammonia, R. - - 
Bosi on resistance of moving electrolytes, R. - - 
Boyle-van 't Hoff law, and osmotic pressure of ether solutions, R. - 
B-pheny lhydroxylamin, electrolytic pupenen of, R. - - - 
Brilliancy of a source of light, R. - - 
Bromic acid and hydriodic acid, catalytic actions on the oxidation of, R. 
Bromid and potassium iodid conversion into chlorid, R. — - - - 

— of silver, solubility in thiosulfate solutions, R. - - 

— of tin as solvent in cryoscopic determinations, R. - . 
Bromids and chlorids, alkaline, separation and distillation of bromine, R. 
— and fluorids, alkaline, electrolysis of, R. - - - 

-~- cuprosammonium, and cuprammonium sulfocyanates, R. - 

— of silver ammoniacal, R. : - - - 
Bromin and chlorin, separation and titration in alkaline salts, R. - - 

— and iodin, color of compounds, R - - - - 

— in salt solutions, fluorescein to detect, R. - - - - 
Bromin, separation and distillation, R.  - 

— separation and distillation from alkaline bromids and chlorids, R. 

— separation and determination of, R. - - - 
Bromoplatinates, potassium and ammonium, preparation of, R. - 


Cadmium amalgams, electro- and thermochemical relations, R. — - - 

— atomic weight of, R. - - - . 

— and zinc, emission spectra of, R. - . - - - 
Calcium and magnesium, solubility of bicarbonate, R. - - - 

— amalgam, R. - - - - - - 

— ammonium, etc. and amids of calcium, ete., R. - - 

— carbid, color of, R. - - - - - 

— chlorid solutions, electrolysis of, R. - - - - 

— crystallized, preparation of, R. - : - - - 

— properties of,R. - - - - - 

— sulfate, action of, on alkaline halids, R. - - . - 

— _ action of, on some alkaline halids, R. - - - 
Calorie, Regnault’s specific volume of steam, R. - - - - 
Calorimetric study ofa salt, R. - - - - 
Cane sugar, osmotic experiments on dilute solutions of, R. - - 

Capacity for or polestantion, R. - - - - 
— of reversible electrodes, R. - - - 
Capillary constants, measured by solidified drops, R.  - - - 

— ‘electrical phenomena, theory of, R. - - - - 

— electrometer, a new form, R. - - - - - 

— tubes, surface tension of water in, R. - - - - 
Carbid of calcium, color of, R. — - - - 
Carbids of the alkalies, alkaline earths, and of magnesium, R. - - 

— of barium and manganese, dissociation of, R - - 
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Carbon battery, Jacques, R. - - - 
a= bisulfid, action of oxygen on, chemical action of light, R. 
-- difficultly fusible metals free from, R. - 


— disulfid solutions, molecular weight of sulfur i in, H. T. Barnes, 


-— elements other than, state in cast iron and steel, R. - 

— oxids of, hydrogen = a mag between, R. - - 

— spectrum of, in fused salts, R. - - - - 
Carvoximes, solubility of, R. - - - 
Cast iron and steel, elements other than carbon found it in, R. - 
Catalysis with air, oxidation of sodium sulfite, R. - - 

— with potassium persulfid and iodid, R. - - 
Catalytic action of platinum black, RR. - - - 


— agents, reaction between poten permanganate, and hydro 


chloric acid, R. - 


— actions, on the oxidation of hy dricdic acid with bromic acid, R 


Cathode rays, reaction pressure of, R.— - 

— time, influence upon, — sis of copper sulfate, R. - 

— cathodic formation of lead, - - : 
Cell, inversion, new (fourth) kind, R - - . 

— Weston normal, physical chemical studies in, R. - 
Cells, concentration with indifferent electrodes, R. - - 

— concentration, electromotive forces of, J. E. Trevor, - 

— electrolytic, polarization and internal resistance, R. - 

— galvanic, common forms of, R. - - - 

_ aontnel, silver voltameter with, R. - - - 
Cerium sulfate, solubility in water, R. - - - - 
Cesium, specific gravity of, R. - - - - - 
Change in weight in chemical reactions, R. - - - 
Characteristic laws of perfect gases, R. - - - 
Charging of dielectrics, R. - - - - - 
Chemical action of light, R.- - - 

— and physical equilibria by osmotic method, study of. R. 

— composition and ionization of gas under R6ntgen rays, R. 

— reactions, causes of irreversibility, R. - - : 
Chemistry, inorganic, increasing importance of, R. - - 
Chlorid of barium solutions, temperature of maximum density, R. 

— of calcium solutions, electrolysis of, R. - 

— of lithium, compounds with ammonia, methylamin, R. - 

— of lithium, salt solution studies, R. - - - 

— of parastannic acid, R. - - - 

— of silver, solubility in thiosulfate solutions, R. - 

— of sodium, solutions, specific gravity of, R. - - 

— of zinc solutions, electrolysis of, and zinc mud, R. — - 

— potassium iodid and bromid, conversion into, R.  - - 

_ — red copper, R. - - - - 

solutions, supercooling and freezing-points, R. 
Chlorids, alkaline, surface-tension of ayunene solutions, RR. - 

— acid, volatility of, R. - 

— and bromids, alkaline, separation and distillation of bromin, 

— of the alkalies, electrolysis of, R. - - . - 

— of ammonium and iron, water, equilibrium of, R. - 
Chlorin and bromin, separation and titration in alkaline salts, R. 

— dissociation of, at high temperatures, RR. - - - 

— electrolytically, Le Sueur process, R. - - 

— separation and determination of, R. - - - 

— silver, and nitrogen, atomic weights of, R. - - 
Chlorplatinic acids, behavior of some salts of, R. — - - - 
Chromium compounds, toxic effect on higher vegetables, R. - 

— electromotive behavior of, R. - - - - 
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Chromous saltsin analysis of oxy = in mixtures, R. - - 
Cinchonamin, R. - - - - . 
— double chlorids, R. - - 


Circuits, two currents, mutual actions ; éctommination of dielectric con- 


stants, R - - - 

Cobalt and nickel, atomic weights of, R. - - - - 
—_ — separation, R. - - - - 

— electrolytic separation from iron, R. - - - 


— revision of the atomic weight, R. - - - 

— specific cohesion of, R. - - - 
Coefficients of diffusion, electrolytic method of, H. F. Weber, R. 

— of pressure and expansion of air, R. - - - 

— of viscosity forair,R. - - - - - 


= a measurement of, R. - - - - 

— thermal, J. E. Trevor, - . - 
Cohesion, specific, of iron, copper, nickel, and cobalt, R. - - 
Color, absence in certain limpid natural waters, R. 

— and constitution of the halid double salts, R. - - 

— blue in water, single cause of, R. - - - 

— comparative, of iodin in air and vacuum, R. - - 

— of calcium carbid, R. - - - - 


— of compounds of bromin and iodin, R. - - - 
of sulphur vapor, R. - - - ° “ 
Colored alkaline halids, R. - - - . 


Colloids, compressibility of, and jelly theory of the ether, R. 
Combination Setaous hydrogen and oxygen, first stages, R. - 
Combustible vapors, limit of inflammability, R. - - 
Combustion of hydrogen mixed with oxy-gas, R.  - - - 
Comparative color of iodin in air and vacuum, R. - - 
Components three, two — phases, equilibria of system, R. - 
Composition chemical and ionization of a gas under Réatgen rays, 
— of mixed vapors, H. R. Carveth, - - 
Compounds of uranium and thorium, rays emitted by, R. - 
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Compressibility of gases, at different temperatures and oomamy pressures, 
R. 


— of air, as gas mixture, R. - - - 

— of colloids and jelly theory of the ether, R. - - 

— of gases under atmospheric pounene, R. - - - 

— of solutions, R. - - - - 
Compressing and stretching liquids, piezometer for, R. - - 


Concentration cells, electromotive forces, J. E. Trevor, - 
— — with indifferent electrodes, R. - - 
— on the reaction velocity, effect of, R. - - - 
Condensation of mixtures of two gases, R. - - 
Conducting power of the burnt products of the gas flame, R. - 
Conduction, electrolytic, in rarefied gases, R. - - 
— in mixed salt solutions, R. 


— of electricity through thin films of dielectric substances, R. 


Conductivity, electrolytic, without electrodes, R. - - 
_ _ of pure substances, R. - - - 

—- electrical, of solutions, influence of prenease on, R. - 
— — S potassium nitrate, R. - - - 

— — —— permanganate solutions, R. - 
lielectric constant of ry ammonia, R. - 

— — of non-aqueous solutions, A. T. Lianein, - 
— of salt solutions, R. - - - 

— of copper and dielectric surroundings, R. - - 
— of electrolysis in organic solvents, R. - - - 


433 
193 
190 


561 
416 
417 
114 
563 
244 

95 
257 
182 

55 
186 

65 
262 
188 
262 
262 
186 

65 
185 
432 
457 
569 
433 
569 











634 Subject Index 


Conductivity of trichloracetic acid, R. - - 
— in dilute solutions of double salts, 


— measurements, and dissociation Se R. 


— thermal, a method for the estimation of solid bodies of, R. 
Constant, dielectric, and electrical resistance of liquid ammonia, R. 


of glass variation with mechanical stress, R. 


— of rubber, variation with mechanical stress, R. 


— HV T, significance of, R. - 


Constants, nf measured by solidified tops, R. 


— critical some gases, R. 

— dielectric, variation with temperature, R. 

— of law of Dulong and Petit, R. - 
Constituents, new of atmospheric air, R. 
Constitution and color of the halid double salts, R. 

— of lead salts in aqueous astations, R. 

— of perborates, R. - - 

— of eutectic alloys, R. - - 

— of mercury, RR. - - : - 

— of ternary alloys, R. - - 
Contact electricity of metals, RR. - - 
between metals and liquids, R. 
Contact-potential, metals and fused salts, R. —- 
Copper, conductivity, and dielectric surroundings, 

— ferrocyanid membranes, R. - - 

— red, potassium chlorid, RR. - - 

— specific cohesion of, R. - - 

— salts, toxicity for higher vegetables, R. 

— selenate in preparation of selenic acid, R. 


— sulfate, time influence at cathode in electrolysis, 


— triplets in line spectrum of, R. - - 

— voltameter, R. - 
Correction, 
croft, - 


Corresponding states, and characteristic equation of liquids, R 


Critical constants of some gases, R. - 
normal heptane, R. - 


— point of solubility and solubility of liquids, R. 


Crookes tube with an osmotic diaphragm, R. 


Cryoscopic determinations, stannic bromid as solvent, R. 


— behavior of the picrates, R. - 
Cryoscopy and osmotic pressure, R. - - 

— in terpene series, R. - - - 
Crypton, argon, helium in the periodic system, R. 
Crystalline liquids, experiments on, R. - 
Crystallization, rate of, R. — - - - 
Crystallized calcium, R. - - - - 

— salts, rate of dehydration of, R. 

— tungsten by electrolysis, R. - - 
Crystal molecules, size of, R. 


‘ Electromotive Force between Amalgams 


application of two current circuits, R. 


R. 


’ Wilder 


Crystallographic identity of the dextro- ‘rotary and laevo- rotary asparagi 
Crystals, doubly refracting, absorption of ultra red rays, R. - 
Cuprosammonium bromids and cuprammonium sulfocyanates, R. - 


Current, electrolytic, electromagnetic effect of, R. 


— alternating, and unpolarized electrodes, R. 
— aluminum changing alternating into direct, R. 


— photoelectric, R. - - - 
Curves, boiling-points, E. F. Thayer, - - 
Cyclical law of the elements, R. - - 


433 
- 560 
436 
- 115 
433 
187 
560 
- 3 
190 
- 123 
562 
- §63 
65 
- 436 
57-58 
- 
256 
- 433 
252 
- 250 
68 
- 431 
420 
- 518 
57 
- 518 


107 
561 
115 

- 243 
178 

- 423 
246 

- 247 
566 

- 415 
113 

- §04 
423-253 
413 
- 183 
569 

- 564 
ins, R. 191 
67 

- 122 
259 

- 567 
317 

- 568 
36 


- §02 





“‘- 





“‘- 


Subject Index 


Dalton’s law in solutions, R. - - - - - 
Davyum, as a chemical element, R. - - - - 
Decolorizing of sugar by ozone and electrolysi sis, R. - - 
Decomposition of sulfur by electrolysis, R. - - - - 

— under electrical oscillations, R. - . - 

— voltages,R. - . 
Dehydrating agents on combination of Oxy, gen and hy drogen, R. 
Dehydration of crystallized salts, rate of, R. - - 
Deliquescence, nitrate of potensiom, sodium, and ammonium, F. L: 

right, - - - - 
Demonstration of the phase rule, Paul Saurel, - : - 
Densities and molecular volumes of gases, RR. - - - 


— of gases, at different temperatures and ordinary pressures, R. 


-—— of gases in vigorous molecular weights, determinations, R. 

— of liquids and vapors, functions of compacainre, R. - 

— of some easily liquefied gases, R. - 
Density of gases, R. - - - - - - - 

— of ice, - - - - - - - 

— of powders, apparatus for determining, R. - - 

— maximum, of barium chlorid solutions, temperature of, R. 
Determination of sulfuric acid in the presence of iron, R. - - 
Development, physical principle of, R.  - - - - 


Dextro-rotary and laevo-rotary asparagins, crystallographic identity of, R. 
Diagram, pressure temperature, for og 4 systems, Wilder D. Bancroft, - 


Diaphragm, osmotic, Crookes tube with, R. - - - 
Dibasic organic acids, successive Sec nal R. - - - 
Dielectric constants, application of two current circuits, R. — - 

— constant, and electrical resistance of liquid ammonia, R. - 


— substances, conduction of electricity a thin films of, R. 


— surroundings and conductivity of yee, 5 " - : 
Dielectrics, charging of, R. - - - 
— constants of glass, variation with mechanical stress,R.  - 
— constant of rubber, variation with mechanical stress, R. 
— constants, variation with temperatures, R. - - 
— liquid, passage of electric current, R. 
Diffusion coefficients by electrolytic method of H. F. Ww eber, R. - 
— of gases through gelatin containing water, R. - 
— of gases through water and agar, R. - - - 


Dilatation of gases at different temperatures and ordinary pressures, 


Dilution and solution, heats of, R.— - - : - - 
— law, general, validity of, R. - - - - 
Dinitrobenzenes, study of the three, R. - - - - 

Direct currents, aluminum changing alternating into, R. - 
Dispersion and refraction of silicon and its compounds, R. - 
— ofelectrically glowing platinum and palladium wire, R. 
Displacement of metals by hydrogen, R. - - - - 
— of two acids, causes of reciprocal, RR. - - - 
Dissociating power of solvents, R. —- : - - - 

Dissociation and polymerization of gases and vapors, R. 
— in mixed salt solutions, R. - - - - - 
— of chlorin at high temperatures, R. - - - 
— electrolytic and toxic effect, by J. F. Clark, - - 
— hydrolytic and electrolytic, R. - - 
— of electrolytes and polymerization of liquids, R. - - 
— of fused salts, R. - 
— of phosphorus pentabromid, in organic solv ents, R. - 
— of polyvalent salts, R.  - - - - 
— of selenium hydrid, R. - - - - - 
— of the carbids of barium and manganese, R.- - - 
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Dissociation of water, R. - - - - - - 179 
— of water, in water and alcohol, R. - - - - 55 
— studies, I., Wilder D. Bancroft, - - - - - 72 
— thermody namic expression for heat of, R. - - - 562 
— values from conductivity measurements, R. - - - 562 
Dissociations of dibasic organic acids, R. - - 519 
Dissociative power of solvents, Louis Rationing and A. T. Lincoln, 12 
Distance, action at a, R. - - 2 
Distillation of bromin from alkaline bromids and chlorids, R. - 121 
— of mixtures of pyridin with propionic, acetic and formic acid, R. 117 
Distribution equilibrium, electromotive force and, R. - - - 59 
Dithiodisulfids, electrolytic preparation of, R. - - - - 63 
Double chlorids, formed with cinchonamin, R. - - - - 121 
— _halids of zine with aniline and toluidines, R.  - - - 508 
— salts in dilute solutions, conductivity of, R. - - - 566 
Drops, solidified, measuring capillary constants, R. — - - - 436 
Dulong and Petit, constants of the law of, R. - - - - 560 
Dyeing, point on theory, R. - - - - - - 122 
Earths, rare, oxalates of, R. - - - - - - - 248 
Electric arc, phenomenon of, R. - - - - 124 
— compensation, pyrheliometer for heat radiations, R. - - 570 
— current, passage through liquid dielectrics, R. - - 429 
— current, sodium a by, R. - - - - 502 
— energy, R. - - . 169 
— furnaces, contributions to the study of, R. - - - 187 
— furnace for all styles of heating, R. - - - - 67 
— waves, absorption by water, R. - 67 
Electrical conductivity and dielectric constant of liquid ammonia, R. 432 
a= _ of non-aqueous solutions, by A. T. Lincoln, - 457 
_ - of potassium nitrate, R. - - 65 
-- -— of permanganate of potassium solutions, R. - 185 
_ — of salt solutions, R. - - - 569 
— — of solutions, influence of pressure on, R. - - 186 
— energy, transformation of heat to, R. - - : 124 
— ions, in dilute solutions at 18°, velocities of, R. — - - - 185 
— oscillations, decomposition under, R.  - - - - 521 
— phenomena, capillary, theory of, R. - - - - 572 
— resistance of crystallized silicon, R. - . - - 185 
— — of steel, R. - - - - - - 432 
= os of steel and tempering, R. - - - - 432 
— vibrations, R. - - - - - - 188 
Electrically glowing platinum and palladium wire, dispersion of, - 184 
E lectricity carried by ions under Rontgen rays, R. . - - 570 
— conduction of, through thin ee of dielectric substances, R. 188 
— contact, of metals, R. - - - - 57-58 
— between metals and liquids, R. - - - - 123 
Electrocapillary phenomena, amalgams in electrolytes, R. - - 572 
Electrochemical equivalent of silver, R. - - - - - §3 
— equivalent of silver, R. - 260 
— and thermochemical pen ge zinc, and cadmium amalgams, R. 254 
Electrodes, concentration cells with, R. - - - - - 257 
— electrolytic conductivity a a R. - - - - 262 
— metallic sulfid, R. - - - - - - - 516 
— of the third class, R. - - - - - - 257 
— unpolarized, and alternating currents, R. - - - - 567 
— reversible, polarization capacity of, R. - - - 568 
Electrolysis and photolysis of carbonic acid, and reduction by nascent 
hydrogen, R. - . - - - - - 81 





7 


| 


cc” 
. 





—— $f 


Subject Index 637 

Electrolysis of crystallized tungsten, R. - - - - 569 
— ‘and ozone in purification of sugar, R. - - - - 65 

— decomposition of sulfurby, R. - - - - - 64 

— formation of alums by, R. — - - - - - - 518 

— of alkali chlorids, R. - - - - - - 61 

— of calcium chlorid cilia R. - - - - 60 

— of copper sulfate, time influence at cathode, R. - - 518 

— of hydrochloric acid, R. - - . - - - 124 

— of manganese and separation from iron, R. — - - - 126 

— of mixtures, R. - - - - - 517 

— of salt solutions ; migration velocities by, R. - . - 260 

— of the alkaline bromids and fluorids, R. - - - - 518 

— of zinc chlorid solution and nature of zinc mud, RR. - - 64 

— in production of crystallized tungsten, R. - - - 429 

— preparation of glucinum by. R. - - - - 185 
Electrolyte, binary, Hall effect in, R. - - - 568 
Electrolytes, amalgams i in, electrocapillary henomena, x» - 572 
— in organic solvents, conductivity of R. - - - 569 

— moving, J. Bosi on resistance of, R. - - - - 429 

— platinum and gold in, R. . - - - 126 

— polymerization of liquids, and dissociation of, R. - - 126 

— polarization in, ordinary pressure to 100 atmospheres, R. - - 257 

— solubility and heat of formation of, R. - - - 257 

— solubilities, all ions different, R. - - - - - 248 
Electrolytic and hydrolytic dissociation, R. - - - - 66 
— arc, applications of, R. - - - - - - 64 

— cells, polarization and resistance, R.— - - - - 429 

— conduction in rarefied gases, R. - - - - - 65 

— conductivity without electrodes, R. - - - - 262 

—_ — of pure substance, R.  - - - - - 262 

— current, electromagnetic effect of, R. - - - 259 

— dissociation and toxic effect, J. F. Clark, - - - - 263 

— formation of hydrogen peroxid, R. - - 125 

— formation of nitrobenzene from ortho-nitrobenzoic acid, R. - 63 

— indigo vat, R. - - 62 

— method of H. F. W cher, for diffusion coefficients, R. - - 566 

— methods for zine, R. - - - - - 65 

— preparation of dithiodisulfids, R. - - - - 63 

— — of 8-phenylhydroxylamin, R. - - 64 

— production of solemn hydroxid and chlorin, Le Sueur process, R. 518 

— reduction of m-nitrotoluene, R. - - - 261 

— -—— of nitrobenzene, R. - - - - - 518 

— — of m-nitro-p-toluidin, R. - - - - 62 

—_— | — of nitro, to azo and hydrazo compounds, R. : - 62 

-- — of paranitrotoluene and parahydrazotoluene, R. — - 62 

— separation of the halogens, R. - - - - - 65 

-- — nickel and cobalt from iron, R. - - - 126 

— solutions, internal friction of, R. - - - - - 68 
Electromagnetic effect of electrolytic current, R. - - 259 
— rotation of the plane of polarization in salt solutions, R. - - 190 

— rotation in salt solutions, R. - - - - - 190 
Electrometer, capillary, a new form of, R. - - - - - 260 
Electromotive behavior of chromium, R. - - - - 517 
— force, a new standard, R. - - - - - 185 

-- — and distribution equilibrium, R. - 59 

— between amalgams ; correction, Ww ilder D. Bancroft, R. - 107 
Electromotive forces of concentration cells, J. E. Trevor, - - 95 
Element, davyum as, R. - - - - - - - §03 
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Elements, cyclical law of, R. - - - - 502 
— wave frequencies in lines of emission spectra of, R. - - 571 
— other than carbon, state in cast iron and steel, R. - 121 
Elevation of melting-point by pressure ; transition from solid toliquid, R. 173 
Emission spectra of cadmium and zinc, R. - - - - 569 
— spectra of elements, wave frequencies in the lines ef, R. - 571 P 
Empty liquid, optically, R. - - - - - - - 520 
Enantiomorphism, R. - - - : - - - 247 
Endothermal mineral, forgunsnite, R. - - - - - 566 j 
Energetics, R. - - - - - - 559 er 
— electric, R. - - - - 169 
— free, in molten halids of heavy y metals, R. . - - 255-256 
— in gases, flame spectrum of mercury, R. - - - - 434 | 
— in isothermal changes, variation of, R. - : - 169 
Equation, characteristic of liquid, R. - - - - * = 561 | 
Equilibria between ammonium nitrate and ammonia, R. - . 506 
— insystem; water, benzoic acid, ethylene cyanid, R. - - 565 
— in system : water, ether, ethylene cyanid, R. - - - 565 | 
— in system: water, alcohol. ethylene cyanid, R. — - - - 566 | 
-— hydrogen and oxids of carbon, R. - - - - 511 
— of stereoisomers, Wilder D. Bancroft, - - - - 144 
— physical and chemical, study of, by osmotic method, R. - 181 
— three components, two liquid phases, R. - - 564-566 
two and three components, one liquid phase, R. - - 248 
Equilibrium between amalgams and solutions, R. - - - 250 
— distribution, electromotive force, and, R. - - - 59 
— for lead, tin, bismuth, R. - - - - - - 418 
— for water, ammonium chlorid, ferric chlorid, R. - - 418 
| — in precipitates, R. - - - 250 
| — physical, in mixture of | isomorphous subehenoes, R. - 245 
— stability of a one-component system, Paul Saurel, - - 334 
— theory, application to oceanic salt deposits, R. - - 179 
| Equivalent, electrochemical, of silver, R. - - - - - 260 
-- — of silver, R. - - - - 53 
— mechanical of heat, R. - - - - il 
— — of heat on the hy drogen atte, B - - - 243 
- = recent investigations, R. - - - 53 
Error in Andrews's method for specific heat of a liquid, R. - - 412 
— — _ of measuring the specific heat of a liquid, R. - 170 
: Esters of, and phosphoric acid volumetric analysis of, R. - - 420 
i — of polybasic acids, rate of cageiontion, R. - - - 56 
i — trinitrophenylmalonic, R. - - 505 
Ether, jelly theory of, and compressibility of colloids, R. - - - 417 
| — solutions, osmotic pressure and Boyle-van *t Hoff law, R. — - 252 
| Ethers, sulphonic, decomposition by water acids and salts. R. - - 514 
— water, ethylene cyanid ; equilibria in system, R. - - 565 
Ethereal solutions, boiling-point of salt in, R. - - - - £97 
) Ethylene cyanid, alcohol, water : equilibria in system, R. - - 565 
— — benzoic acid: water, equilibria i in system, R. - - 565 
oe — ether, water: equilibria in system, R. - - 565 a 
) Eutectic alloys, constitution of, R. - - - - 563 
i Evaporation ‘and pressure relation between, Edwin H. Hall, - - 452 
Expansion and latent heat of vaporization, R. - - - - 560 
) — and pressure coefficients for air, R. - - - - 173 
— of solutions of ammonia salts, R.  - - - - - 247 
! Experiments, lecture, R. - - . - - - - : 
: — onozone,R. - - - - - - - 508 
Explosive properties of acety lene, R. - - - - - 516 soa 
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Ferric chlorid, action on aromatic compounds, R. - - - - 420 

Fergusonite, an endothermal mineral, R. . - . - 566 

Ferric chlorid, water, ammonium, equilibrium for, R. - - - 418 

Ferrocyanid of copper membranes, ~~ = - - - - 252 

— potassium, isomer of, R. - - - - 566 

Ferrous salts, volumetric analysis in alkaline estution, R. - - 421 

Filtration, sterilization of liquids by, R. - 181 

} Flame, gas, conducting power of the burnt products of the g gas flame, R. 186 

— measurement of temperature by a thermocouple, R. - - 559 

— — spectrum of mercury and energy in gases, - - - 434 

Fluids, saturated, thermal roperties of, R. - - - 561 

Fluorescein to detect bromin in salt solutions, R. - - - 122 

| Fluorescent screens, property of, R. - - - - - 435 

Fluorids and bromids, alkaline, electrolysis of, R. - - - 518 

| Fluorin, liquefaction of, R. - - - - - - 114 

Forces, ‘thermoelectric, in crystallized bismuth, R. . - - 427 

Foreign substances, influence on inversion Soannae. R. - - 564 

| Formate of sodium and silver acetate, reaction velocity, R. — - - 424 
| Formic and acetic acids, combinations of pyridin and trimethylamin with, 

. : ' . ¥ < . ’ - oF 

— aldehyde, oxidation of, by “Pk peroxid, R. - - 514 

— acid and pyridin, a of, - - - - 117 

Forms of galvanic cells, R. - - - - 60 

Franz and Wiedemann, ‘al with reference to iron, R. - - - 560 

Freezing-points, applications to aqueous solutions, R.  - : . 414 

— determinations, Abegg’s criticisms, R. - - - - 563 

— in ternary mixtures, John Waddell, - - - - 160 

— of solutions, effect of supercooling, R. - - - - 

— water solutions of sodium mellitate, R. - - - 246 

Friction, internal, of electrolytic solutions, R. - - - - 68 

-+ Furnaces, electric, contribution to the study of, R. - - - 187 

— electric, for all styles of heating, R. - - - - 67 

~S complete and pasty theory of, R. - - : 504 

. W. Kuster’s comments on the rate of cry stallization, R. - - 253 

Gallotannic acid, optical activity of, R. - - - - - 434 

-- — specific rotatory power of, R. - - - - 434 

Galvanic cells, common forms of, R. - - - - - 60 

— polarization, R. - - - - - - - 184 

Gas, a new, R. - - - - - - - 503 

— chemical composition and ionization under ROntgen rays, R. - 423 

— generator and device for dissolvi ing solids, R. - - 503 

Gas laws for liquids ; kinetics of liquids. R. - - - - 560 

Gaseous mixtures, limits of inflammability,R. - - - - 563 

_ — compressibility of air, as, R. - - - - 416 

Gases, action on photographic plate, R. - - - - 123 

— at different temperatures and ordinary pressures, R. - - 561 

— and vapors, dissociation and polymerization of, R. — - - 115 

= Se of, under atmospheric pressure, R. - - 114 

a — condensation of mixtures of two, R. - - - - 55 

— critical constants of some, R. - - - - - 115 

; — density of. R. - - - - - - 179 

— densities of some easily liquefied ones, R. - - - 15 

— diffusion through water and agar, RR. - - - - 423 

-- — of, through gelatine containing water, diame - - 182 

— energy, and flame spectrum of mercury, R. - - 434 

-— experimentson, RR. - - - - 506 

- — formation of mixed hydrates of acety rlene, and some e other, R. 121 

— in atmospheric air, R. - - - : - - 411 

















ee ee 





ee eS 


‘ 


640 


Subject Index 


Gases, law of the mixture of gases, R. - - - - 179 
— liquefiable, molecular weights of, R. - - - - 410 
— luminosity of, and X-rays, R. - - - - 521 
— mixtures of, R. - - - - 416,179 
— molecular volumes and densities of, R. - - : 115 
— weights of, rigorous determinations, R. - - 174 
— occluded by metallic oxids, R. - - - - 510 
— perfect, characteristic laws of, R. - - - - - 561 
— polyatomic, kinetic theory of, R. - - - - 560 
— rarefied, electrolytic conduction in, R. - - - - 65 
— ratio of two specific heats, R. = - - - - - 414 
— real, isothermal and adiabatic transformations of, R. - - 115 
— specific heats of, R. - - - - - - 244 
— surface-tension of mercury in, R. - - - - - 192 
— variation of specific heats with Sampenmiane, R. - - 414 
Geissler pump, modification of, R. - - - 243 
Gelatine containing water, diffusion of gases through, R. - - 182 
Glass, hydrated thermodynamic relations of, R. - - . - 417 
— modifications of, and displacement of zero points, R. - 560 
— variation of dielectric constant with stress, R. - - - 433 
Glucinum, preparation by electrolysis, R. - - - - 185 
Gold and platinum in electrolytes, R. - - . - - 126 
— soluble, R. - - - - - 56 
Gradients, potential, at electrodes during discharge by X-rays, R. - 60 
Graphics of th he thermodynamic functions, R. - - - - 559 
Halogens, electrolytic separation of, R. - - - - - 65 
— interchange in aromatic series, R. - - - - 420 
Halid salts, solution pressures of, R. - . - 116 
-- compounds of mercury and certain other metals, R. - - 569 
— mixed salts of lead, R. - - - - - - 566 
— salts of lead, R. - - - 420 
— double salts, color and constitution of, R. - - - 190 
Halids, alkaline, action of calcium me on, R. - - - 511, 180 
— colored alkaline, R. - - - 569 
— of heavy metals, molten, free energy, R. - - - 256,255 
— of mercury, double, R. - - - - : - 508 
— of potassium, absorption by plants, R. - - - - 422 
— of tin, double, with aniline and the toluidines, R. — - - 508 
of zinc, double, with aniline and toluidines, R. - - - 508 
Hall effect i in a binary electroly te, R. - - - - - 568 
Heat t and light, separation of helium from compounds with, R. — - - 559 
and solubility of formation of electrolytes, R. - . 257 
— decomposition of nitric acid, at moderate Semnpecntuse, R. - 513 
— in action between water and sulfuric acid, R. - - 508 
— in reaction between water and nitric acid, R. - - - 508 
— mechanical equivalent of, R. - - - 4II 
— — on the hydrogen ‘scale, R. - - - 243 
— of solution ; reply to Noyes, R. - - . 562 
— radiation with the electric compensation py rheliometer, R. - 570 

— reversible transformation of styrene into metastyrene under the 
influence of, R. - - - - - - 115 
— specific at constant pressure, R. - - - - - 413 
- = of anhydrous liquid ammonia, R. - - 561 
_ — _ of a liquid, error in the Andrews’s method of measuring, R - 170 
— — of liquids: error in the Andrews’s method, R. - 412 
—- _— of gases, variation with cempeentuse, R. - - - 414 


of gases, R. - - - - " 
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Heat, specific of metal at low temperatures, R. - - - 
-- ratio of, for gases, R. - - - 
— the use of vacuum as a means of preventing loss of, R. - 
— transformation to electrical energy, R. - - - 
— vaporization of latent, R. - 
— rays of great wave length, permeability of liquids to, R , - 
Heating, ail styles, electric furnace for, R. - 
— change of sulfur during, R. - - - - 
Heats, latent, vaporization of some liquids, R. : - : 
— of solution and dissociation for electrolytes, R. - - 
— of solution and dilution, R. - - - - - 
Helium, R. - - - - - 
— and argon, atomic ‘weights of,R. - - - 
— argon and crypton, in the periodic system, R. - - 
— and hydrogen, liquefaction of, R. - - - 
— homogeneity of, R. - - - - - 
— refraction of, R. - - - 
— separation from a compound with light and heat, R. - - 
Heptane, normal, critical constants of, - - - 
Hermetical pourer, an apparatus called, R. 


Hexane, normal and benzene, qpecific ow ities and boiling-points of, R. 


High resistances, standard, R. 

Hoffmeister, R. - - - - 
Homogeneous mixtures, vapor pressures of, R. - - - 
Homogeneity of helium, R. - . - - - - 
HV/T constant, significance, of, R. - - - - - 
Hydracids, influence of oxygen in decomposition of metals, R. = - 

— and metals, influence of oxygen, - - - - 
Hydrated glass, thermodynamic relations of, R. - - - 
Hydrates, crystallized, variation with composition, R. - - - 

— in solution, Wilder D. Bancroft, - - - - 

— of acetylene, and some other gases, R. - 
Hydrazo substances, electrolytic reduction from nitro compounds, R. 
Hydrid of selenium, dissociation of, R. - - 
Hydriodic acid, with bromic acid, catalytic action on the oxidation of, 
Hydrochloric acid, electrolysis of, R. - - - - 


564-178 
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_ — potassium peveemignnte and catalytic agents, reaction 


of, R. - - - 
Hydrogen, action of silver sulfid on, R. . - - - 
— action on sulfuric acid, R. - - - - 
— and helium, liquefaction of, RR. - - - - 
— and oxids of carbon, equilibrium between, R. - - 
— and oxygen, dissociation in alcohol, R. . 
— and oxygen, occlusion by platinum black, by palladium, R. 
= — influence of dehydrating agents on combination of, 
os _ first stages of combination, R. - 
— and sulfur dioxid, reaction between and the nascent state, R. 
— displacement of metals by, R. - - - 
— free, and nitric acid, reaction between, R. - - 
— liquid, R. - - - - 
— mixed with oxy-gas, combustion of, R. - - - 
voltameter, R. - - - 


acid, R. - . - - - 
new series in spectrum of, R.—- - - - - 

peroxid, electrolytic formation of, R. : - - 
_ oxidation of formic aldehyde by, R. - - - 

_ electrolytic formation of, R. - - - 
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Hydrogen, refraction of, - ; 
— scale, mechanical equiv alent of heat on, R. 
— spectra of, R. - - - - 
Hydrolysis of acid amids, R. - - 
— of maltose, rate of, R. - - 
Hydrolytic and electrolytic dissociation, R. 


Ice, density of, R. - - 
Improvement in standard barometer, R. 
Incandescent lamps, temperature of, R. 
— mantles, radiation of, R. - 
— reduction by electrolytic zinc, R. - 
Indigo vat, electrolytic, R. - 
Industrial applications of thermal mercury ammeter, 
Inflanmability of combustible vapors, R. - 
— of gaseousmixtures,R. - 
Inorganic chemistry, increasing importance of, R. 
— salts, molecular weights of, R. - - 
Interchange of halogens in aromatic series, R. 
Internal friction of electrolytic solutions, R. 
Interrupter for laboratories, R. . - 
Inversion cell, new (fourth) kind, R. - - - 
— of sugar, by salts, R. - 
— temperature, influence of foreign substances, R. 
Iodid and persulfate of potassium, catalysis in reaction, R. 
— potassium, solubility of iodin in dilute solutions of, 
Iodin and bromin, color of compounds, R.— - - - 
— and tellurium in periodic system, R. - 
— in mixed solvents, R. . - - 
— separation and determination of, R. . 
— solubility in dilute solutions of potassium iodid, R. - 
— vapor, comparative color in air and vacuum, R. - - 
Ionization under Rontgen rays, and chemical composition of a gas, R. 
Ion common to two salts in aqueous solutions, R. - - - 
Ions, charge carried, under Rontgen rays, R. - - - 
— different, solubilities of two ion electrolytes, R. 
— in dilute solutions at 18°, velocities of, R. 
Iron and nickel alloys, structure of, R. - - 
and the laws of Wiedemann and Franz, R. - - 
determination of sulfuric acid in the presence of, R. 
electrolytic separation of nickel and cobalt from, R. 
separation of, manganese by electrolysis, R.  - 
specific cohesion of, R. - - - - 
vaporization of, at ordinary tamapesstaten, R. 
Irreversible processes, R. - - - 
Irreversibility in chemical reactions, R. 
Isomer of potassium ferrocyanid, R. - 
Isomeric substances, solubility of, R. - - 
Isomorphous mixtures, physical equilibrium in, R. - 
Isothermal and adiabatic transformations of real gases, R. 
— changes, variations of energy in, R. - 


Jelly theory of the ether, and cumpoossibiity « colloids, 
Jacques carbon battery, R. - 


Kinetic theory of liquids, R. - 
_- — of polyatomic gases, R. 
— — of solutions, R.~ - - 
Kinetics of liquids, extension of gas laws, R. 
Kuster’s, F. W. comments on the rate of crystallization, R. 
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Laboratories, interrupter for, R. 


Laevo-rotary and dextro-rotary asparagins, cry stallographic Mautity 


Lamps, incandescent, temperature of, R. ° 
Latent heats of vaporization of some Squat, R. 


heat of vaporization, R. - - 


Law of the mixtures of gases, R. - - 
Laws, characteristic of perfect gases, R. - 
Lead accumulator, contribution to the theory, R. 


cathodic formation, R. - - . 
halid salts of, R. - - - 
mixed halid saltsof, RR. - - - 
residues in accumulator factories, R. 


salts in aqueous solutions, constitution of, R. 


sulphate and lead residues in accumulator factories, R. 


tin, bismuth, oquillhehus for, R. - 


Lecture experiments, R. 


Le Sueur process, sodium hy droxid and chlorin electroly tically A 


Light absorption of uranyl salts, R. 


— heat, separation of helium from compound with, R. 


brilliancy of a source of, R. 
chemical action of, R. — - - 


Limits of inflammability, of gaseous mixtures, R. 
Liquefaction of fluorin, R. - . 


of hydrogen and helium, R. - 
of helium and hydrogen, R. - : 


Liquefiable gases, molecular weights of, R. 
Liquefied gases, densities of some, R. - 
Liquid air at one operation, R. - : 


ammonia as a solvent, R. - 


_ molecular rise in the boiling- -point of, 
— dielectric constant and electrical Shetty of, R. 


— properties of, R. — - - 
dielectrics, passage of electric current, R. 
empty, optically, R.  - - - 
rae el R. - 


phases two, three components, equilibria i in system, R. 


to solid, transition, R. = - - 


Liquids, absorption by textile stuffs, R. 


and metals, contact electricity between, R. 


and vapors, densities, functions of temperature, R, 


and characteristic equation of, R. - 
crystalline, experiments on, R. 


errors in Andrews’s method for specific heat, R. 
influence of temperature on the rotary —~ er #, R. 


kinetic theory of, R. - 

kinetics of ; extension of gas laws for, R. 
latent heats of vaporization of, R. - 
osmosis through a rubber tube, R. - 
molecular weights, of, R. - 


polymerization of, and dissociation of a. 
permeability to heat rays of great wave length, R 
piezometers for the compressing and stretching of, 
spreading out of, and connected phenomena, R. 


solubility of, R. - ° ; 
supercooled, viscosity of, R. - - 


solubility of and critical point of solubility, R. 


sterilization of, by filtration, R. - 
volumetric measurement of, R. - 
with simple molecules, theory of, R.— - 
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Lithium ammonium, etc., and amids of lithium, etc., R. - 
— chlorid, compounds with ammonia, methy lamin, etc., R. 
_ — salt solution studies, R. - 
Low temperatures, determination of, R. - - - - 
Ludwig phenomena : demonstration of, R. - - - 
Luminosity of gases and X-rays, R. - - - - 
-- standard of, R. - - - - - 


Magnetic field, transparency of bismuth in, R. - - - 
Magnetization ‘of water, R. « - - - 
Manganese, dissociation of the carbids of, R. - - 

— electrolytic determination and separation from iron, R. 
Magnesium and calcium, coenaty of bicarbonates, R. - - 

— carbids of, R. - - - - 
Maltose, the rate of hy drolysis of, R. - - - - 
Mantles, incandescent, radiation of, R. - - 
Mariotte, law of, in vigorous molecular welgs determinations, R. 
Maxwell’s theorem, Paul Saurel, - 
Measurement of flame temperature by a thermocouple, R. - 

— of high temperatures, R. - - - - 

— of vapor-pressure, R. - - - - - 
Mechanical equivalent of heat on the hydrogen scale, R. - 

~— — of heat, R. - - - - - 

— — recent investigations, R. - - 

— stress and variation of dielectric constant in glass, R. - 

— — and variation of dielectric constantin rubber, R. 
Mellitic acid, sodium salt of, freezing-point in water, R.— - - 
Melted salts, spectrum analysis of non-conducting minerals, R. 


Melting- -point, elevation by pressure, transition from a to myns, R. 


— influence of pressure on, R. - 

_ — of alloy aluminum and antimony, AISb, R . - 

— points of organic substances, R. : - - 

— — under high pressures, R. - - - - 
Membrane of copper ferrocyanid, passage of solutes, R. - 

— rubber, osmosis of liquids through, R. - - - 
Mercury, action of sulfuric acid on, at ordinary egponmane, R. 
and hydracids, influence of oxygen, R. - 
ammeter, thermal, R. — - - - - - 
constitution of, R. - - - - - - 
double halids, R. - - - - 
flame spectrum of, and energy in gases, R. - - 
halid compounds of, R. - - 
influence of oxygen in decomposition of hy dracids by, R. 
red sulfid, by the wet way, R. - - - - 
surface-tension of, R. - - - - - 

— in gases, R. - - - - 
voltameter, R. - ° 
Metallic acetate, compounds with phenythy drazin, R. - 

— alloys, contribution to our knowledge of, R. - - 

— nitrates, compounds with qhenythycresin, R. - 

— oxids, occlusion of gases, R. - - - 

— salts, compounds with phenylhydrazin, R. . - 

— sulfid electrodes, R. - - - 

— spectra with many lines, violet part of, R. - - 
Metal ammoniums, action of acetylene, R.  - - - - 

— at low temperatures, specific heat of, R. - - 

— under X-rays, fall of potential at surface, R. - - 
Metals, action of nitric acid in, R. - - - - 

— action on photographic plate, R. - - - - 
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Metals, action of sulfuric acidson,R. - - - - - 512 
— and fused salts, contact-potential, R. - - - - 256 
— and hydracids, influence of oxygen, R. - - . 513 
— and liquids, contact electricity between, R. - - - 123 
— contact electricity of, R. - - - - 57-58 
— difficultly fusible, process for preparation, R. - - 56 
_— displacement by hydrogen, R. - - - 419 
— halid compounds of, R. . - : - - §69 
— heavy, free energy in molten haloids, R. - 255-256 
— influence of oxygen in decomposition of hy dracids by, : - 123 
— triple nitrites of some metals, R. - - - 121 


Metastyrene, reversible transformation of styrene into, ander the influence 
of heat, R. - - - 


115 
Method for the estimation of the thermal conductivity of solid bodies, R. 170 
Methyl alcohol and acetone reactions in, R. - . - - 119 
Methylamin, etc., compounds with, R. . - 4t5 
Migration velocities by electrolysis of dilute salt solutions, R. - 260 
Mineral fergusonite, endothermal, R. - - - - - 566 
— salts, compounds with phenylhydrazin, R. - - 118 
Minerals, non- anadiae spectrum anny sis with melted salts, R. - - 435 
Mix-crystals, solubility of, R. - - - - - 564 
Mixed halid salts of lead, R. - - - - - - 566 
— solutions, boiling-  — of, R. - - - - - 419 
Mixtures, electrolysis of, - - - - - - - 517 
Mixtures of gases, R. . - - - - 179-416 
— ternary, Wilder D. Bancroft, - - - - - 215 
M. Marqfoy, reply to, R. - - - - - - 413 
m-Nitrotoluene, reduction electrolytic of, R. - - - - 261 
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